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ABSTRACT 
 
The riparian zone refers to biotic communities on the banks of rivers, 
streams and lakes. Riparian zones are an unusually diverse mosaic of landforms, 
communities and environments within the larger landscape and they serve as a 
framework for understanding the organization, diversity and dynamics of the 
communities associated with fluvial ecosystems. A variety of natural disturbances 
create a spatial and temporal environmental mosaic with few parallels in other 
systems. Pakistan riparian zone mostly belongs to Sindh and Punjab provinces and 
prone to varieties of climatical problems and anthropogenic activities. The research 
was conducted to estimate and compare the effects of 2010 floods on the structure 
and composition of riverine floral diversity in low riparian zone of River Indus. To 
estimate the impact, data was collected from two sites along River Indus in low 
riparian zone i.e. Keti Shah Forest (Sukkur, Sindh province) and Taunsa Wildlife 
Sanctuary (Muzaffargarh, Punjab province). The study evaluates the 
phytosociological parameters of floral diversity in low riparian zone of River 
Indus. The impact of 2010 floods on floral diversity was calculated using 
BioDiversity Professional Statistical Software. The results of the study shows that 
the Taunsa Wildlife Sanctuary is rich in floral diversity with total 30 species in 
pre-monsoon season and 20 species in post-monsoon season, in comparison to the 
Keti Shah Forest. In Keti Shah Forest 22 species found in pre-monsoon and 16 in 
post-monsoon season. Different biodiversity parameters (Shannon Index, 
Simpson’s Index, Margalef’s lndex, SHE analysis and cluster analysis) shows that 
pre-flooded vegetation was more rich with total 39 families in Taunsa Wildlife 
 
 
xxiii 
 
Sanctuary and 18 families in Keti Shah Forest. The edaphic parameters proved less 
fertility in post-monsoon season in comparison to pre-monsoon season. The 
outcome of this study revealed that floods and heavy rains have destructive effects 
on vegetation of the study area.  These adverse effects eliminate 23 and 7 families 
from the Taunsa and Keti Shah Forest, respectively. The results concluded that in 
upstream areas about 60% plant families eliminated after 2010 floods, with 75% 
species lost. In comparison to downstream about 40% plant families eliminated 
due to floods, with 37% species lost. The more lost in plant biodiversity in 
upstream was due to high intensity of floods as compared to downstream. The 
outcome of this study benefits in future in forest management, planning, floral 
diversity conservation and in mitigating adverse effect of the floods in studied 
areas. In future, illicit cutting and conversion of forest area to agricultural land 
should be controlled by implementing the proper management plan of the forest 
area. Regeneration and replanting activities of the native species should be carried 
out on regular basis and species gene bank should be established to conserve the 
species which are growing well in the area. Planting woody plant species on the 
banks of the river helps in reducing the velocity of the flood water and serves as 
the barrier for the whole forest area by preventing it from adverse impacts of the 
regular floods.
1 
 
Chapter 1 
INTRODUCTION 
 
There is increasing interest in the importance of rivers, ecological, 
geomorphological, hydrological and as well as environmental points of view. The 
scientific literature on riverine ecosystem is rapidly expanding (Van der Velde et 
al., 2004). The available literature highlights the fluvial and structuring process of 
riverine ecosystem especially in relation to abiotic factors. The linkage between the 
river paths and wetlands creates “boom” and “bust” ecology. This ecological 
process is subsequent to the drought and flood (Jenkins and Boulton, 2003).  
 
Over the past few years the large river systems and its adjoining wetland 
habitats have altered quick environmental changes, which impart great changes on 
river flood ecosystems. The efficiency of the river flood area ecosystems relay on 
naturally occurring river flood events and any change in the hydrological scenerios 
have deep impacts on nutrient dynamics, biological diversity and grouping of these 
flood area ecosystems (Fisher et al., 2000). Moreover, the anthropogenic actions 
across the river basins has increased significantly. River regulations such as 
building dams, irrigation channels, dykes and weirs, and catchment land use 
operations such as deforestation, agriculture and cattle farming and introduction of 
exotic flora and fauna puts enumberous pressure on river flood areas (Bunn and 
Arthington, 2002; Carpenter et al., 1992; Kingsford, 2000; Palmer and Filoso, 
2009; Power et al., 1996; Tockner and Stanford, 2002). 
 
1 
2 
 
The Indus River rises in Tibet, flows through North West India and enters 
Pakistan in the north flowing for the entire length of the country to the Arabian Sea 
(Fig. 1). The major rivers of Indus includes Jhelum, Ravi, Sutlej, Chenab and Beas. 
These rivers collectively form the Panjnad River, which then falls in the Indus 
main river just downstream of Multan and Panjnad barrage. The Indus left the 
Himalayan hills plains and feeds the plains at Jinnah Barrage, Kalabagh. From 
there it flows at a moderate slopes (averaging 13 cm/km) approximately 1600 km 
away from the sea. Morphologically the river runs from semi-desert and 
agricultural lands, from small areas of local riverine scrub forest between Guddu 
and Sukkur barrages. The river is broad, shallow, braided and naturally highly 
turbid. As it is sand-bedded it is constantly eroding its bed and banks, and 
consequently there is very little vegetation either submerged in the water, or on the 
banks. The configuration of channels, islands and sand bars is constantly changing, 
and the river channels are frequently completely re-organised during the annual 
flood.  
 
Temperatures in Pakistan in the summer (May to September) can rise to 
50
o
C and in the winter (November to February) can drop close to freezing. The 
vast majority of the rain falls occurs during the monsoon between June and 
August. Indus River discharge according to the seasonal changes, with maximum 
flows of approximately one million cubic feet per second (cusecs) (this is the unit 
of measure used for river discharge in Pakistan). During June and August the river 
gets water from Himalayan melting snow and monsoon rainfalls, while flows at 
12,000 cusecs lowest discharge during dry spells from December to April. 
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Moreover, the river has precise annual flow regimes, which are highest in July-
August and the lowest in January-February, that most of the water is from snow 
melt and monsoon rainfall in its feed areas. Length of river is about 2,898 km, one 
third (935 km) of it lies in Sindh province. This river is significantly important for 
managing the people and economy of Pakistan. That is why the river ecosystem, its 
connected lakes, and delta face great human pressure. The anthropogenic issues are 
compound of factors, form of land-use having a great contact with species diversity 
of area (Sudnik-Wójcikowska and Galera, 2005). 
 
Figure 1:  The Indus River system, and the location of irrigation barrages and 
       dams. 
 
Riverine forests are complex ecosystem and composed of many individual 
structural components that interact to determine ecosystem function. Riverine 
forests occupy 0.332 million hectares (m ha) area in Pakistan that is about 7% of 
4 
 
total forest in forestland. The Sindh province owns 0.272 m ha Riverine forests, 
which is about 82% of total riverine forest area in the country. The figures mention 
above depict that the Sindh province is rich in riverine forests (Wani et al., 2004). 
Riverine ecosystem of Pakistan is a hub of biodiversity such as trees, shrubs, 
wildlife, insects, fish, cultivated crops and livestock, etc. Their entire biotic and 
abiotic components relay upon each other. Any positive or negative 
impact/influence upon any component of the system results in imbalances in the 
ecosystems function and productivity. Riverine ecosystem is not static but has a 
tendency to change with passage of time and natural and manmade influences 
creating disturbances. The ecosystem reverts back to its normalcy if external 
influences are minimized. Vegetation outside the zone that is not directly 
influenced by hydrologic conditions but that contributes organic matter (leaves, 
wood, dissolved material, etc.) to floodplains, or that influence the physical regime 
of the riparian zone by shading, may be considered as part of riparian zone 
(Gregory et al., 1991). Ecological conditions in riverine forests are very favorable 
in the sense that annual flooding leave the soils in these forests saturated for the 
rest of the year for luxuriant plant growth. By March, seven months after flooding, 
soil still have 18% moisture content by fresh weight. The vegetation in riverine 
forests is much influenced by the frequent change in erosion and deposition due to 
changing course of the River Indus (Khan and Repp, 1961). 
 
The riverine forests in the province of Sindh occur along both banks of the 
Indus River. In Punjab they exist along the river banks and somewhere on the beds 
of rivers Chenab band Jehlum. The riverine forests of Sindh are further sub-divided 
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into one called Pakko situated away from riverbank and other, which are situated 
near to the riverbank on sand and silt deposits and called Kacho forests. Kacho 
area is flooded even with little rise in the river. Babul (Acacia nilotica), Kandi 
(Prosopis cineraria), Bhan (Populus euphratica) and Lye (Tamarix aphylla) are 
the major tree species of riverine forests (Ahmad, 1953). Historically, the riverine 
ecosystem of Sindh was productive and economically viable, but the climatic 
changes, socio-economic pressures and disturbances caused by natural and 
anthropogenic factors have significantly depleted and degraded this ecosystem. 
The ecosystem functions as a web or chain where the climatic and biotic factors 
function as its string (Laurance et al., 2002).  
 
High-flow events (floods) are an important force structuring riparian 
ecosystems (Rood et al., 2007; Scott et al., 1996; Stromberg et al., 2007). Floods 
can be described in terms of timing, intensity, frequency and variability, and ability 
to predict vegetation response to changes in these factors is increasing. Riparian 
plant species differ in their ability to withstand or rapidly regenerate following 
flood disturbance (Bendix, 1994), thus changes in flood magnitude or frequency 
can produce changes in composition. Studies along longitudinal (upstream–
downstream) and transverse spatial gradients reveal how mortality of tree species 
and distribution of community types vary among and within sites that differ in 
stream power, inundation frequency, sheer stress and sediment mobilization (Auble 
et al., 2005; Bendix, 1999; Friedman and Auble, 1999; Friedman et al., 2006).  
 
Any natural or artificial change in environmental factors disturbs the whole 
web. Higher the disturbance, greater the complexity of interactions within the 
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ecosystem results in a catastrophe. In this case, the most affected components of 
ecosystem are the living organisms. The vegetation is a function of soil, climate, 
parent material, topography, biota and time. Out of these factors, climate is 
generally accepted as one of the major determinants of vegetation type. It 
influences the suitability and productivity of tree species on a particular site and it 
affects every aspect of forest management from regeneration to harvesting 
(Kimmins, 1987). River flows are affected by changes in precipitation as well as 
by changes in temperature. In arid and semiarid regions, small changes in 
precipitation can bring about large changes in surface runoff (Dahm and Molles, 
1992). Riparian vegetation is influenced by surface and subsurface water flows, 
and by low-flow and high-flow aspects of the flow regime (Poff et al., 1997). 
 
 The present research study was conducted to cover riverine vegetation 
dynamics in low riparian zone of River Indus abruptly destroyed by the 2010 
floods. The heavy floods that occurred in 1978, 1988, 1992 and 1997, altered the 
course of the River Indus in many places (Siddiqui and Shakeel, 1995), especially 
in the lower reaches, which has also damaged the riverine vegetation of low 
riparian zone and vegetation is disappearing very rapidly. In July 2010 floods 
began in Pakistan following unprecedented heavy monsoon rains in the Khyber 
Pakhtunkhwa, Sindh, Punjab and Balochistan regions, especially, in Khyber  
Pakhtunkhwa with 312 minutes rain falling in a mere 36 hours period. These 
devastating floods, severely destroyed the human population, agriculture, land 
features and infrastructures in the surrounding areas along the river banks which 
leads to the economic loss, adverse damages to the natural vegetation especially 
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along river banks. Indus River at the Taunsa Barrage came under flood limits from 
27
th
 of July 2010 with discharge of 2.72 Lac Cusecs gained peak flood on 2
nd
 of 
August 2010 with discharge of 9.59 Lac Cusecs  and receded up to normal supply 
on 31
st
 of August with discharge 2.03 Lac Cusec. Recurrence intervals of 
maximum yearly floods have been calculated  with annual flood series and using 
extrapolation on log  scale and Gumbel’s methods. By Gumbels method, the flood 
at Taunsa on 2.8.2010 had a recurrence interval of 1000 year and declared as the 
super flood. Similar is the result using extrapolation (PMO, 2010).  
 
 More precisely, the main objectives of the study were to conduct 
phytosociological studies for delineation of plant communities of low riparian zone 
of River Indus. Moreover, to compare the upstream (Taunsa Wildlife Sanctuary) 
and downstream (Keti Shah Forest, Sukkur) state of floral diversity and lastly to 
study the impact of 2010 floods on riverine floral diversity of the studied area. 
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Chapter 2 
REVIEW OF LITERATURE 
 
2.1 RIPARIAN BIODIVERSITY 
 Biodiversity is facing substantial threats from anthropogenic hazards like 
habitat fragmentation and loss of habitat and deserves better management to 
maintain the number of species (Dwyer, 1984; McPhee, 1988; Rubin et al., 1998). 
Diversity of Pakistan is unique as the country harbors three bio-geographic realms 
i.e. Palearctic, Oriental and Ethopion. Roughly two-thirds of the country is 
mountainous and abrupt changes in altitude provoke changes in diversity within 
short distances. Pakistan encompasses wide array of terrestrial ecosystems within 
18 major geographical zones such as Permanent snowfield and cold desert, 
Alpine meadows, Sub-alpine scrub and birch forest, Dry temperate coniferous 
forest, Himalayan moist temperate forest, Sub-tropical pine forest, Tropical 
deciduous forest, Steppic forest in the Northern latitude, Steppic forest in the 
intermediate latitude, Steppic forest in the Southern latitude, Monsoon-influenced 
arid sub- tropical, Less pronounced Monsoon influenced, Balochistan Desert 
Scrub, Indus Plains, Sand dunes, Inundation (Seepage and Swamp) Zones, 
Riverine tract and littoral (Inter-tidal) zone. In addition, a number of distinct agro-
ecosystems have been created through the conversion of natural habitats for 
agricultural use (Roberts, 1997).  Roberts (1997), explored mammalian fauna of 
Pakistan, Chaudhry et al., (1997), documented diversity of Salt Range and 
Cholistan desert while Singh and Banyal (2012), recorded mammalian diversity 
from river Ravi near India-Pakistan border. Wetlands provide habitat to a large 
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number of terrestrial and aquatic organisms and therefore are considered important 
places for evolution and genetic diversity. Wetlands are classified on the basis of 
their origin, chemical composition, age, depth as well as size of the wetland 
(Gorham and Janssens, 1992).  
 
Riparian zones possess an unusually diverse array of species and 
environmental processes. The ecological diversity is related to variable flood 
regimes, geographically unique channel processes, altitudinal climate shifts and 
upland influences on the fluvial corridor. The resulting dynamic environment 
supports a variety of life-history strategies, biogeochemical cycles and rates and 
organisms adapted to disturbance regimes over broad spatial and temporal scales. 
Riparian zones play essential roles in managing riparian vegetation, water and 
landscaping planning, in restoration of aquatic systems and in catalyzing 
institutional and societal cooperation for these efforts (Gregory et al., 1991; 
Naiman and Décamps, 1997; Rood et al., 2007). Species diversity is a basic 
attribute of ecological communities used to describe both the distribution and 
abundance of organisms. Patterns of species diversity have been related to latitude, 
climate, biological productivity, habitat heterogeneity and complexity, disturbance, 
patch dynamics, environmental stresses, altitude and age of substrate (Ricklefs and 
Schluter, 1993; Stohlgren, 2007). The diversity of species comprises two basic 
components; one is richness such as number of species in a given area and the 
other is evenness such as relative abundance or biomass distributed among species 
(Magurran, 2013). Both of these components are combined in diversity indices 
(Smith and Wilson, 1996).  
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Terms such as biodiversity, indicator or index are not well defined and their 
use varies between different countries and disciplines. Scientific reports simply on 
the grounds of differing views on the use of particular terms would be 
counterproductive, but study reports must clearly state what is meant by the terms 
used. A helpful review on indicator categories for bioindication is given by 
McGeoch (1998). Species diversity can be measured as simple number of species, 
usually of selected groups of organisms, or species richness may be combined with 
the evenness of the abundance distribution of the species. The best known indices 
are the Shannon index, the Simpson index and Fisher’s alpha (Magurran, 2013). 
 
 Shah et al., (1985) classify the riparian vegetation of Sindh province, 
Pakistan. In their study, riparian vegetation plays an important role in modifying 
the life of people by providing fuel, wood and timber. Althrough these vegetations 
are primarily composed of Prosopis, Acacia, Ziziphus and Capparis tree species 
and various shrubs (Shah et al., 1985). The southern flood plains of river Indus are 
fertile and comprises of Tamarix dioica, Populus euphratica, Salvadora sp, 
Prosopis spicigera, Acacia Arabica and Tamarix articulata. These trees have 
slight higher canopy (12-15 m) and hold the soil tightly during flooding season 
(Shah et al., 1985; WWF, 2006). The riparian vegetation of the northern flood 
plain has a composition slightly similar to that of the southern plain but with the 
absence of Acacia arabica. Acacia arabica lack the tendency to tolerate the cold 
tempeartures and is succeeded by Dalbergia sissoo. This tree can tolerate extreme 
climate and have economical value in terms of fuel and timber (Shah et al., 1985). 
Saccharum munja,  Saccharum spontaneum and Typha elephantina are frequent 
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grasses in flood plains of river Indus. The economical value of these grasses 
are in terms of fodder and about 4,852,000 kg are harvested annually for 
fodder industry. The fiberous grasses are used for making baskets, strings for cots 
and mats (Shah et al., 1985). 
 
2.2 REGIONAL FLORA 
In Pakistan many studies were conducted on floristic listing, their 
composition and ecological characteristics. Durrani et al., (2004) reported 202 
plant species from 45 different families in Harboi rangeland Kalat. They reported 
Brassicaceae, Poaceae, Papilionaceae and Asteraceae as leading families in Harboi 
rangelands. Moreover, they reported Juniperus macropoda as single tree species in 
observed area. The dominant life forms in rangeland include hemicryptophyte and 
therophyte, while nanophylls, microphylls and leptophylls were dominant leaf 
sizes. Qureshi and Bhatti (2008a), studied the floristic composition of Nara desert, 
Pakistan and reported 160 plant species belonging from 45 families, while Poaceae 
is the leading family in their study. Simiarly, another study in Nara desert by 
Qureshi and Bhatti (2005), mentioned 3 monocot families together with 25 other 
species. In another study, Bhatti et al., (2001), reported 150 plant species 
belonging from 42 families from Nara desert, that include one species of 
gymnosperm, 3 sedges and 20 grasses.  Qureshi and Bhatti (2008b) reported 
narrow distributed plant species in Nara Desert that need to be conserved. These 
include genera Anticharis, Bacopa, Kickxia and Schweinfurthia. 
 
Hussain et al., (2009), reported 69 plant species of 29 families from District 
Chakwal. The vegetation in Chakwal rangelands included 20 species of grasses, 12 
12 
 
of trees, 31 of shrubs and 6 of under shrubs and herbs. Malik and Malik (2004), 
reported heavy deforestation and overgrazing in Kotli Hills, Azad Jammu and 
Kashmir. They recorded 58 plant species, out of which 36 were herbaceous, 13 
shrubby and 9 species were woody. The study in Dureji Game Reserve by Perveen 
et al., (2008) reported 79 plants species from 32 families including three rare 
species. The floristic composition in Ayubia National Park Abbottabad includes 
167 species 65 families. The dormiant plant species includes Pinus wallichiana, 
Cedrus deodara, Taxus wallichiana and Abies pindrows (Saima et al., 2010). 
 
The floristic composition of District Haripur, Pakistan, includes 211 
species from 170 genera, belonging from 66 families. Most of these genera 
includes Gymnospermic distribution followed by dicotyledonous plants that 
includes 180 species and 141 genera (Fazal et al., 2010). The diversity in Kot 
Manzaray Baba Valley District Malakand includes 279 species from 81 different 
families. Most of these families were dicotyledonous. The only gymnospermic was 
Pinaceae and was represented by Pinus. Poaceae is the leading family with 
maximum genera and species (Zabihullah et al., 2007). A study in Chagharzai 
Valley, District Buner by Sher and Khan (2007) pointed 222 plant species from 88 
families. Most of these families were dicots, followed by monocots and 
pteridophytes. Pinaceae and Asteraceae had highest number of plant species. 
Durrani et al., (2010), evaluated floristic composition in Aghberg rangelands of 
Quetta, Pakistan. They pointed 123 plant species from 36 families. Boraginaceae, 
Asteraceae, Poaceae, Fabaceae, Brassicaceae and Lamiaceae as important families 
in rangelands. Marwat and Qureshi (2000), studied the Upper Siran reserved and 
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guzara forests and recorded 383 species of 110 families including 279 herbs, 56 
shrubs, 43 broad leaved trees and 5 coniferous trees. 
 
Many comparative studies have been done on the floristic patterns of riparian 
and inland forests in a tropical water shed forest of Malaysia (Fajariah, 2004; Foo, 
2005; Khairil et al., 2014; Najima, 2005). Most of these studies found that diversity 
of inland forest was slightly higher than riparian forest. However, there have been no 
studies to determine patterns of tree species and their relationship with physic-
chemical patterns of soil. These type of studies are also lacking in Pakistani habitat 
and no literature is available on this issue. 
 
2.3 PHYTOSOCIOLOGICAL STUDIES 
Phytosociological prespective of plant diversity was studied by many 
scientists in Pakistan. Siddiqui et al., (2010) examined quantitative vegetation of 
temperate coniferous forest of Himalayan region of Pakistan. They separated 
vegetation into three groups, group one was dominated by Pinus wallichiana stand, 
group two was dominated by Abies pindrow and group three was lead by Cedrus 
deodara. In Keenjhar Lake District Sindh seven plant communities were 
dominated which includes Tamarix sarenensis, Populus euphratica and Luffa 
echinata (Akbar et al., 2010). Shah and Hussain (2009) analyzed 5 plant 
communities, each having its own species composition in Hayat Abad, District 
Peshawar. They described richess family as Poaceae, Brassicaceae, Solanaceae and 
Asteraceae. In life forms, therophytes dominates cryptophytes and in leaf size 
spectra microphyllous dominates (40%) over and leptophylls (22%). 
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Perveen et al., (2008) worked on the phytosociological attributes in Dureji 
game reserve. They studied ecological parameters such as life form, frequency, 
relative frequency, density, relative density, cover and relative cover. The 
ecological diversity varies from place to place depending upon the texture and 
structure of the soil. The density of the vegetation was greatly influenced by the 
rainfall. They concluded overgrazing as potential thread to plant species diversity 
in Dureji game reserve. The phonological and phytosociological status of plant 
diversity in Gorakh Hill Hadu district was conducted by Perveen and Hussain 
(2007). They determined the quantitative parameters like frequency, relative 
frequency, density, relative density, life forms, species density and species cover. 
Badshah et al., (2010) studied the edaphic and phytosociological parameters of 
south Wazirisation vegetation during autumn season. They reported great variation 
in biomass production due to difference in air and soil temperature. Moreover, the 
original vegetation was altered due to over grazing and deforestion. In another 
study in Pirghar hills South Waziristan agency by Hussain and Badshah (1998), 
reported life form and leaf form on the basis of altitude difference. They reported 
that original woody species are present on the hills and these species are mainly 
isolated due to degradation. A quantitative phytosociological survey was 
conducted in 184 sampling stands in various climatic zones of Himalayan forests 
of Pakistan. Based on floristic composition and importance value, 24 different 
communities and 4 monospecific forest vegetations were recorded. Results showed 
that many communities established similar floristic composition, however, differ in 
quantitative values. Vegetation of forests ground flora was also presented (Ahmed 
et al., 2006). 
15 
 
Another phytosociological study was conducted in a riparian forest of the 
Rio Paraguai near Corumba and Ladario in the state of Mato Grosso do Sul, Brazil. 
The topographic distribution of species was correlated with durations of the river’s 
seasonal floodings and the cumulative time of flooding between 1974 and 1995. 
The topical environments were divided into four bands by Two-Way Indicator 
Species Analysis (TWINSPAN). Flooding in these groups ranged from regular 
inundation in all 23 years of the historical series of the Ladario gauge to sporadic 
flooding for a maximum of 2 consecutive years (Damasceno-Junior et al., 2005). 
Similarly, the plant biodiversity and phytosociological attributes of the Gorakh hill 
(Kirthar Range) were estimated. Quantitative analyses on species diversity in 
addition to phytosociological attributes analysis were conducted. Some ecological 
parameters such as, life forms, species density, species cover, species relative 
density and frequency were calculated. Seventy four plant species representing 62 
genera and 34 families were found in the study area (Perveen and Hussain, 2007). 
 
2.4 VEGETATION SAMPLING 
Different sampling techniques have been adopted to measure the species 
biodiversity in Pakistan. A brief overview of these techniques are highlighted in 
coming few paragraphs. Ahmad et al., (2008a) used quadrat method in Knotti 
Garden and Dape Sharif to record the vegetation data during all four seasons. Ten 
randomly selected quadrats measuring 10 m
2
 for woody species and 1 m
2
 for 
herbaceous plant species were taken from each habitat. They reported that both soil 
physical and chemical properties had impact on specie association. Moreover, 
herbaceous species were frequent during summer and autumn due to suitable 
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temperature and availability of moisture and nutrients. However, winter season has 
great impact on specie diversity due to chilling weather. In another study Ahmad et 
al., (2008b), pointed woody leguminous plants Acacia modesta was the most 
commonly occurring species in Soone Valley, Punjab, Pakistan. The species strand 
is formed by Prosopis juliflora. Moreover, in there study Dalbergia sissoo was 
absent completely. The herbaceous weedy legumes comprises of Melilotus indica 
and Medicago polymorpha during the winter seasons. At higher altitudes wild 
vaieties of Olea ferruginea formed association with Acacia modesta. They reported 
grazing species in Soone valley as Dodonaea viscosa and Justicia adhatoda. 
Wahab et al., (2010), conducted phytosociological survey by point centered 
quadrat method in twenty five forest types in Distict Dir. method of Cottam & 
Curtis (1956) was used for vegetation analysis. At each stands twenty points were 
taken at twenty five meters intervals along the transects.They reported frequency, 
density, basal area and importance values as important parameters to evaluate 
established communities.   
 
Peer et al., (2001), reported about 100 plant taxa on the basis of their 
morphological and functional features from Hindu Kush and Karakorum Range. 
Based on biodiversity data, three types of steppes (1) open semidesert-steppe; (2) 
mesophyllous steppe and (3) Thorn cushion-steppe were identified. In another 
study by Peer et al., (2007),  in eastern Hindu Kush Mountains pointed important 
plant communities as, the desert steppe, the Artemisia brevifolia steppe, the alpine 
scree vegetation and the alpine mats. They adopted two-way indicator species 
analysis (TWINSPAN) for hierarchical classification of community data, and 
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canonical correspondence analysis (CCA) for examining relationships between the 
vegetation and selected environmental parameters. Similarly, Wazir et al., (2008), 
identified five vegetation types in Chapursan Valley, Gilgit on the basis of 
topographic and edaphic heterogeneity. These includes riverine pseudo-steppes, 
crassulescent steppes, erme, chamaephytic steppes and moist sub-alpine pastures. 
 
In desert ecosystem of Sawan Wari, Nara Desert, Qureshi (2008), 
recognized five plant communities based on Importance Value. These communities 
include Calligonum-Dipterygium-Salvadora in desert; Desmostachya-Brachiaria-
Cynodon in agricultural habitats; accharum- Pluchea-Typha in marshland; 
Salvadora-Desmostachya-Prosopis in protected forest and Phragmites- Typha 
Saccharum in wetlands.  In rangelands of the Cholistan desert, Arshad et al., 
(2008) used density, frequency, cover and importance value to evaluate specie 
diversity. They found strong association of plant species to soil types which 
effected the species composition. Their study shows that Aerva javanica, 
Calligonum polygonoides, Capparis decidua, Dipterygium glaucum, and 
Haloxylon salicornicum as indicator species for soil organic matter. In Kotli Hills,  
Malik and Malik (2004), recorded seven plant communities, including Pinus 
roxburghii, Imperata-Pinus, Pinus-Themeda, Dodonaea-Acacia-Themeda, 
Adiantum-Olea, Acacia modesta and Pinus-Carissa-Themeda in monsoon season. 
They concluded that most of these vegetations belong to Chirpine forest type.  
 
Malik and Husain (2008), used multivariate techniques such as 
TWINSPAN, principle component analysis (PCA), CCA  and remote sensing data 
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to study the phytosociology in the Lohibehr scrub forest in the Foothills of 
Himalaya, north east of Pakistan. Their mentioned that these techniques play an 
important role conserving, planning and managing subtropical forest. Ali and 
Malik (2010), studied the vegetation communities of green belts, garde, open urban 
spaces and parks of Islamabad city. They utilized TWINSPAN tool to classify the 
floristic species composition. They divide communities into four types and found 
that Pinus roxburghii and Grewia asiatica were more prevalent in green belts 
while native vegetation dominated by Dalbergia sissoo and Acacia nilotica ssp. 
nilotica in undisturbed green spaces. Similarly, TWINSPAN tool is used to assess 
the vegetation of 358 km motorway by Ahmad et al., (2010). The whole vegetation 
was divided into 16 sub-communities and 2 communities. Additionally, guidelines 
for the implementation of conservation oriented planning and management to 
preserve and improve the road verges of Motor Way was also provided.  
 
2.5 FOREST INVENTORY 
Land use study focused on mapping the past and present conditions and the 
level of forests and rangelands using Satellite Remote Sensing (SRS) and 
Geographic Information System (GIS) technologies was carried out in Sindh, 
Pakistan (Siddiqui et al., 2010). They analyzed SRS data from 1977 to 1998 and 
evaluated the geographic extent and distribution of the riverine forests of Sindh. 
The integrated landuse forest cover maps had showed not only the temporal 
changes that occur in the riverine forest but also in the river Indus course between 
a 22 years period. Similarly, the nature of riparian vegetation and issues relevant to 
its management were studied in south west Western Australia. The main concern in 
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these areas were the value increase in revegetation and moderation of degrading 
factors. Specifically, the data-bank of staffing needs of suitable riparian plant 
species to enable their re-growth on riverbanks was a primary need (Hancock et 
al., 1996). The sorting and ordination techniques to distinguish the composition 
and distribution of woody vegetation along the Tana River floodplain near Bura in 
eastern Kenya was also studied. The key vegetation gradient sum up by the 
ordination was highly correlated with soil quality, texture and soil carbon at depths 
of 50– 120 cm. The resulting vegetation gradient was highly correlated with 
indicators of river flood patterns. There were significant correlations between the 
first ordination axis for the regeneration layer and flood regime of the river, and 
among the second ordination axis and soil texture in the top 20 cm where seedling 
roots are likely to be settled (Maingi and Marsh, 2006). 
 
2.6 FLOOD DISTURBANCES 
Chronological studies (1951–1995) of the changed land use in three river 
basins belonging to the Tagus fluvial system (Portugal) were conducted using 
remote sensing data. Results suggested that the proximity, type and extension of 
land use patch interplay influence the degree of changes in riparian integrity, which 
in overall terms displayed appreciable resistance to alterations and indirect 
disturbance (Ferreira et al., 2005). Life form and leaf size spectra of 15 
ecologically different plant communities were studied by using Raunkiaerian and 
quantitative ecological method at Ganga Chotti and Bedori Hills (AJK) during 
1999-2000. Results showed that Hemicryphtophytes and Therophytes were 
dominant during spring and monsoon seasons. Similarly Microphyllous species 
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followed by Nanophyllous species were dominant in spring and monsoon seasons 
(Malik et al., 2007). The nature, diversity and structure of the streamside 
vegetation were investigated in 10 selected forest sites in the south of Ireland. 
Vegetation releves were classified using TWINSPAN. Results showed plant 
species richness in the broadleaved stands was almost doubles that of conifer 
plantations. Plant species richness and total vegetation cover decreased with 
distance from the stream, which is likely to be the result of reduced levels of light, 
water and soil nutrients away from the stream bank (Coroi et al., 2004). Similarly, 
flood disturbance and the distribution of riparian species diversity were calculated 
in Southern Californian riparian vegetation. In two studied watersheds, species 
richness increases with flood severity. Results stated that riparian diversity maybe 
intimately dependent on flood disturbance, the relationship was predictable only 
with due attention to the physiographic details of individual stream networks 
(Bendix, 1999). 
 
The frequency of flood disturbances able to slow down or stabilize 
vegetation succession in former braided channels over a decade was studied by 
Bornette and Amoros (1996). In one zone, because of particular geomorphological 
features that decreased disturbance intensity, developed highest diversity and 
richness. In the other zones, richness and diversity appeared to be lowest where 
disturbance frequency was lowest or disturbance intensity was highest. From 1981 
to 1987, the infrequently flooded channel underwent succession, and species 
richness increased in the major part of the channel, whereas diversity increased 
only in its extreme parts. Similarly, the dynamics of riparian plant composition and 
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richness in the free-flowing Vindel River in northern Sweden, and the importance 
of reach type in sustaining high species richness were studied by Renöfält et al., 
(2007) over a period of two decades in three surveys. Their results suggested that 
extreme floods reduce riparian plant species richness in tranquil (slow-flowing) 
reaches but that a subsequent period of less extreme flood events facilitates 
recovery.  
 
Vegetation response to climate-linked stream flow changes, in view of the 
spatial variation in flow conditions over a 200 km length of the San Pedro River 
(Arizona) was extrapolated by Stromberg et al., (2010). Field data indicated that 
increased stream intermittency would cause the floodplain plant community to 
shift from hydric pioneer trees and shrubs (Populus, Salix, Baccharis) towards 
mesic species (Tamarix). This shift in functional type would produce changes in 
vegetation structure, with reduced canopy cover and shorter canopies at drier sites. 
They found that annuals were most prevalent, and tree canopies shortest, at sites 
that were dry and intensely flooded. Stromberg et al., (2005) also examined the 
response of the streamside herbaceous vegetation to changes in stream flow 
permanence of a semiarid region river (San Pedro River, Arizona). They found that 
perennial-flow and intermittent-flow sites support different streamside plant 
communities. All of the plant functional groups were abundant at perennial-flow 
sites when viewed in the ecosystem at broader spatial and temporal scales: mesic 
riparian perennials were common in the floodplain zone adjacent to the river 
channel and late-summer hydric and mesic annuals were periodically abundant 
after large floods.  
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Two one-ha plots of a Southern Brazilian subtropical riverine forest, 
subject to different frequency and duration of floods, were compared by Budke et 
al., (2008) to detect the differences in physiognomic structure, tree community 
composition, richness and diversity. They found that the forest understory was 
denser in the occasionally flooded stand which also showed taller emergent trees 
and the two plots studied differed in their tree frequency per species regeneration, 
vertical distribution and dispersion groups. Both species richness and diversity 
decreased with increasing flood frequency, also showing a patchy distribution 
within both stands. Similarly,  Bendix (1999), estimated the stream power 
influence on southern Transverse Ranges of Californian riparian vegetation using 
computer program, HEC-2, to model the slope and the variation in flow depth and 
velocity of the 20-yr flood across the sites. Results indicated that unit stream power 
had a significant effect on the riparian vegetation, but that the amount of that 
influence and its importance relative to the influence of height above the water 
table varies between watersheds. Another study carried out by Anderson et al., 
(2006) on the influence of riparian vegetation on the propagation of flood waves in 
Australia by modeling study that seeks to quantify the impact of riparian 
vegetation on both the shape of a flood hydrograph and the speed at which it 
propagates down a river reach. Results indicated that the impact of roughness was 
moderated by the magnitude of the hydrograph (peak discharge), showed that 
smaller floods were more sensitive to vegetation condition than larger floods. 
 
Riverine systems are transitional areas between land and aquatic 
ecosystems, arranged in networks across landscapes that include a wide array of 
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socio-economic and biological values. These zones range from the stream channel 
to the low-high water mark line of the adjoining banks where vegetation may be 
inﬂuenced by either ﬂooding or drought (Naiman and Décamps, 1997; Nilsson et 
al., 2010). As non-equilibrium systems providing high environmental 
heterogeneity, plant communities of river ﬂoodplains frequently are among the 
most productive and diverse in the world, with plant associations of larger 
complexity than surrounding landscapes (Tockner and Stanford, 2002). 
 
There is a consensus among researchers that overﬂow is the main 
environmental variable giving rise to ecological patterns and processes in river 
ﬂoodplains (Bayley, 1995). Running water determines river morphology and is the 
driving force in the riparian mosaic because of its temporal and spatial variability 
(Nilsson and Svedmark, 2002). The ecologically most relevant measures of ﬂoods 
are: magnitude, duration, frequency, timing and rate of change (Richter et al., 
1996), all of which interact with plant habitat, plant life histories and plant 
community dynamics (Capon and Brock, 2006). Notwithstanding, a complexity of 
surrounding features, such as landforms, geomorphologic-sediment structure and 
climatic conditions, will generate trends that may differ substantially along a river 
or among rivers, leading to a myriad of ecological responses to recurrent overﬂow 
disturbance. 
 
Plant responses to inundation vary from physical to chemical changes 
(Kozlowski, 2002), with soil anoxia and accumulation of toxic elements in the soil 
as the most signiﬁcant stress to plant life (Blom and Voesenek, 1996). On the 
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central Amazonian forest ﬂoodplains, locally called ‘va´rzea’, tree species 
distribution is associated to the gradient of sediment deposition and to the soil 
texture (Wittmann et al., 2004), which are linked to the ﬂood-level range. The 
authors pointed out that tree species colonising seasonal highly inundated areas 
show speciﬁc adaptations to such environmental conditions, e.g. deep primary 
roots and secondary root layer, newly formed above the fresh deposited sediment, 
which offers both good mechanical support and better aeration. On the other hand, 
overﬂow may beneﬁt some competing species by nutrient accumulation, seed 
transportation and competitor mortality, especially those classiﬁed as stress-
tolerant (Grimes, 1979). 
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Chapter 3 
MATERIALS AND METHODS 
 
3.1 STUDY AREA 
The study area includes two sites along River Indus in the low riparian 
zone: one was Taunsa Wildlife Sanctuary in district Muzaffargarh, Punjab 
province, and second was Keti Shah Forest in district Sukkur, Sindh province, 
Pakistan.  
 
3.1.1 Taunsa Wildlife Sanctuary 
 Taunsa Barrage, situated at 31
°
 31' North latitude and 70
°
 51' East longitude 
in the south-western part of Punjab in Tehsil Kot Addu district Muzaffargarh was 
built over river Indus in 1958. Taunsa Barrage Wildlife Sanctuary comprises of 
alluvial plains composted of fine to grained soil dominated with deposits of 
calcareous nature. A Wildlife Sanctuary at Taunsa Barrage was declared during 
1972 under Punjab Wildlife Act 1974. Its total area is 2834 ha. The Taunsa barrage 
wildlife Sanctuary is worldwide famous for habitat of Indus blind dolphin 
(Platanista minor). 
 
The climate of the area is arid with extremely hot summers (39-46 
o
C 
during June) and mild winters (5-19 
o
C). The average annual rainfall is about 200 
mm of which 80% is received in summer. Relative humidity in the area varies from 
25% to 88%. The wind velocity in the area remains around 15-30 km/h, however, 
during summer it exceeds up to 30-35 km/h with dust storms and haze. The wind 
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directions are from north to south or from north-west towards south-east. It often 
turns to storm during summer months (Khurshid and Chaudhry, 1998). 
 
3.1.2 Keti Shah Forest  
Keti Shah Forest is situated in the vicinity of Sukkur city, Pakistan which is 
the third largest city of Sindh province. Sukkur district covers an area of 5,165 
km
2
. Geographically, it is spanned from 27° 43' 21.63'' North Latitude and form 
68° 50' 40.94'' East Longitudes on map. Sukkur district shares northern border with 
Shikarpur and Kashmore districts, southern border with Khairpur districts, and 
north-estern border with Ghotki and eastern border share with India. Climatically, 
Sukkur is hot climate and during summer temperature exceeded form 46 ºC while 
during winter it is in the range of 6 ºC. 
 
Keti Shah Forest is a part of the riverine forest ecosystem in Sukkur city 
with an area of 7,346 ha. The species composition in low lying frequently 
inundated areas comprises of Acacia nilotica and mixture of Acacia nilotica and 
other species including Prosopis cineraria, Tamarix spp. and Populus euphratica.  
 
3.2 SAMPLING TECHNIQUE 
The study area was surveyed once during pre and post-monsoon seasons of 
2011 using the line intercept method (Canfield, 1941; Kent and Coker, 1992; 
Mueller-Dombois and Ellenberg, 2003). Due to dense vegetation in the study area, 
transect line of 50 m was used to sampled the study area (Canfield, 1941) and 
placing 1m
2
 quadrat at alternate sides after 10 m interval on the same transect. For 
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woody plantation, 10 m × 10 m quadrat was used on same transect line after 20 m 
interval. Transects were randomly distributed all over the area of study sites using 
Geographical Information System maps of the area. The geographic coordinates 
were recorded for each transects using Global Positioning System. 
 
3.3 FLORTISTIC COMPOSITION, LIFE FORM AND 
PHYTOSOCIOLOGICAL STUDIES  
3.3.1 Floristic Composition 
3.3.1.1 Plant collection and identification 
During the field survey each floral species was collected and identified with 
the help of available literature on Identification and Standard Nomenclature from 
Department of Botany, Karachi University, Pakistan. A complete floristic list 
along with families was compiled according to the Standard Nomenclature (Ali 
and Qaiser, 1997-2010.; Nasir and Ali, 1971-1996; Stewart, 1972). 
 
3.3.1.2 Phenology 
The phenological observations were recorded during the vegetation 
sampling and plants were classified into the following stages, (a) seedling stage 
(young and pre-flowing), (b) flowering, (c) fruiting and (d) dormant (fruiting or 
life cycle completed). These observations were made according to the procedure of 
Fenner (1998) and Ahrends et al., (2008). 
 
3.3.2 Life Form (Biological Spectrum) 
Life form depicts the adaptation of plants to the climate. The relative prop- 
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-ortion of different life form for a specific area is called its biological spectrum or 
biospectrum. The life form classes and their percentage in each community was 
based upon Raunkiaer (1934), Hussain and Malook (1984) and Mueller-Dombois 
and Ellenberg (2003).  
 
The major classes were: (a) Phanerophytes (P): Tree and shrub species in 
which the buds are born more than 0.25 cm to 2 m above ground surface. (b) 
Chamaephytes (Ch): Their perennating buds are situated below 25 cm above 
ground surface. (c) Hemicryphotophytes (H): Herbaceous perennials whose aerial 
portion die at the end of growing season leaving perennating bud at or just beneath 
ground surface.  (d) Cryptohytes (C): Plants buds are situated below ground 
surface as bulb, tuber, rhizome etc. and (e) Therophytes (Th): Seed producing 
plants who complete their life cycle in one year. 
 
3.3.3 Phytosociological Studies 
Phytosociology deals with plant communities, their composition and 
development, and the relationships between the species within them. The following 
phytosociological attributes were measured from each site during field data 
collection: 
 
3.3.3.1 Frequency 
Frequency is the percentage of sampling plots in which a given specie 
occurs (Hendry and Grime, 1993) and shows the distribution and occurrence of a 
species. Frequency was calculated using formula: 
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Frequency   
Number of quadrats in which spiece  occur
Total number of quadrats
      
         
Later on, the relative frequency was calculated using formula: 
 elative Frequency   
Frequency of a spiece 
Total frequency of all species
      
    
3.3.3.2 Density 
It is the average number of individuals of a species per quadrat. Species 
were counted on individual stem basis. It is obtained by dividing total number of 
individuals of the species in all the quadrats by the total number of quadrats 
examined (Hendry and Grime, 1993). 
 ensity   
Number of individuals of a species
Total numberof quarats
 
                  
After calculating the density, the relative density was calculated using formula:  
 elative  ensity   
Specie  density
 ensity of all species
      
       
3.3.3.3 Cover  
Cover is the perpendicular projection of crown or shoot of a species to the 
ground surface measured as a fraction or percentage of a surface area (Hendry and 
Grime, 1993). The cover was calculated using formula: 
 over   
Specie  total length of intercept
Total transect length
      
      
The relative cover was calculated: 
 elative cover  
Total length of a specie  intrecept
All species intercept length 
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3.3.3.4 Importance value 
 The measure of relative dominance of species in a particular forest 
community is the importance value of each species and was estimated by following 
the method of Curtis and McIntosh (1950) and Stephenson and Adams (1986). 
I    elative frequency   elative density   elative cover 
     
3.3.3.5 Summed dominance ratio  
Summed Dominance Ratio (SDR) is the important parameter showing the 
ranking of plant speices (Kobayashi et al., 2003). The SDR was estimated using 
data from importance values. 
S    
Importance value
 
 
          
3.4 COMPARISON OF FLORAL DIVERSITY  
 For the comparison of the floral diversity of the riverine vegetation 
following measurements was carried out using field data. 
 
3.4.1 Shannon Biodiversity Index 
The biodiversity index is used to compare of the diversity of plant 
communities at different points and was calculated using Shannon and Weiner 
(1949) Method: 
H    ln
ni
N
 
ni
N
 
             Where, ni is total number of individual of the one species in sampling 
area and N is total number of individuals of all species present in that sampling 
area. 
31 
 
3.4.2 Species Richness 
 Species richness was expressed as simple ratios between number of species 
and the square root of the total number of individuals of all the species. Species 
richness was calculated by using Margalef (1958) equation. This equation has no 
limit value and shows the variation depending upon the number of species. 
    
S  
ln  n)
 
                 
 Where, S is the total number of species in a community and n is the total 
number of individual of all the species in a community. 
 
3.4.3 Equitability 
The equitability is directly related to the evenness of the allocation of 
individuals among the species (Peet, 1974). The equitability was determined using 
Pielou (1975) method as follows: 
Equitability   
Expected values from Shannon  iener Index
Natural log of total species in a community
 
            
3.4.4 Similarity Index 
Similarity index was used to compare all communities within an area. It is 
the number of common species to the two communities and is expressed in 
percentage of the total number for both the communities. Similarity index was 
calculated using cluster analysis in Bioderversity Pro. v2.0. The clusters were 
formulated according to the method of Bray and Curtis (1957). 
 
3.4.5 Simpson’s Index 
Simpson’s index (D) calculates the diversity of the area by taking species 
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 richness and abundance into the account (Simpson, 1949). It is influenced by the 
evenness of the percent of each species present and richness of the species. The 
Simpson’s index was calculated using the following equation: 
      
ni ni  )
N  N  )
  
   
 Where ni is the number of individual specie in a studied area and N is the 
total number of species in a studied area. 
 
3.4.6 SHE Analysis  
The SHE analysis is expressed by the Shannon Index H as the composition 
of two factors representing respectively the number of species in the sample (S) 
and the distribution evenness (Buzas and Hayek, 1996; Hayek and Buzas, 1997). 
The SHE analysis was performed according to the mathematically expression: 
H In S  ln  E) 
           
 Where H is the Shannon diversity index, S is the species richness and E is 
the evenness / equitability of the distribution.  
 
3.4.7 Rank Abundance  
 Rank abundance (RA) is the best known and most informative method to 
rank species in sequence from most to least adundant along the horizontal axis. 
The RA was calculated according to the method of Whittaker et al., (2001). 
 
3.4.8 Rarefaction 
Rarefaction is a technique to assess species richness from the results of 
sampling. Rarefaction is a statistical interpolation method of rarefying or thinning 
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a reference sample by drawing random subsets of individuals (or samples) in order 
to standardize the comparison of biological diversity on the basis of a common 
number of individuals or samples. Afterwards, rarefaction curves were drawn to 
anlayzed the specie richness. The rarefaction of studied areas were calculated 
according to the method of Sanders (1968) and Simberloff (1972). 
 
3.5 COMPARISON OF PRE-FLOODS AND POST-FLOODS STATE OF 
 FLORAL DIVERSITY 
The impact of 2010 floods on the floral diversity of the two selected sites 
was estimated by comparing the pre-flood data regarding vegetation available in 
literature and in the baseline studies conducted by the World Wide Fund for Nature 
Pakistan (WWF-Pak) with the data collected during the field survey (WWF, 2006). 
 
3.6 EDAPHOLOGY OF EVALUATED AREAS 
Composite soil samples was taken at 15 cm depth from at least five 
selected transects from each site during vegetation sampling. Approximately one 
kilogram from the mixture was packed in polythene bags and properly labeled. The 
physical and chemical analysis of soils was conducted at Soil and Water Testing 
Lab, Bahawalpur, Pakistan by using the methods described by Hussain (1989), 
Jackson and Barak (2005) and Haluschak (2006). Textural analysis, electrical 
conductivity, pH, phosphorus, calcium, magnesium, sodium and potassium was 
conducted according to the standard methods of soil analysis (Haluschak, 2006). 
 
3.7 DATA ANALYSIS 
Data was analyzed for Shannon Biodiversity Index, Species Richness, Equ- 
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-itability/Evenness, Similarity Index, Simpson's Index, SHE Analysis, Rank 
Abundance and Rarefaction. Data was sorted out using BioDiversity Professional 
Statistics Analysis Software (Biodiversity Pro 1997; McAleece et al., 1997) jointly 
developed by the Scottish Association for Marine Science and the Natural History 
Museum London. 
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Chapter 4 
RESULTS AND DISCUSSION 
 
 The study evaluates the dynamics of riverine flora of low riparian zone 
across river Indus. The survey was conducted in Taunsa Wildlife Sanctuary and 
Keti Shah Forest of Pakistan during 2011 pre and post-monsoon seasons. A total of 
240 transect lines of 50 m were laid in evaluated forest areas and data regarding 
plant speices and phytosociological studies were recorded. The data was analysed 
for plant diversity and comparisons were made between upstream and downstream 
vegetation. Moreover, the data obtained during study was compared with previous 
reports to evaluate the impact of 2010 floods on riverine vegetation. 
 
4.1 FLORISTIC COMPOSITION 
4.1.1 Plant Collection and Identification 
During the field surveys complete specimens of each floral species was 
collected and identified from Department of Botany, Karachi University, Pakistan. 
The identification was done with the help of available literature (Ali and Qaiser, 
1997-2010.; Nasir and Ali, 1971-1996; Stewart, 1972).  
 
Total 14,259 plant individuals was recorded which comprised 54 plant 
species with 18 different families. In Taunsa pre-monsoon survey a total of 30 
plant species were recorded that represented 4,476 individual plants from 16 
different families. The plant species mainly belongs to Poaceae, Fabaceae and 
Asteraceae. While, in Taunsa Taunsa post-monsoon survey totalled 3348 with 9 
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different families. These plant species mostly belongs to Poaceae, Cyperaceae and 
Asclepiadaceae.  
 
In Keti Shah Forest, 6435 individuals were surveyed. A total of 22 plant 
species were recorded that belongs to 11 different families. During pre-monsoon 
season, 3975 plants were recorded and mainly belongs to Fabeaceae, Asteraceae 
and Poaceae, while in post-monsoon season 2460 plants were surveyed and 
belongs to 16 plant species with 10 different families.  
 
 Shah et al., (1985) evaluated the riparian forest in Sindh province of 
Pakistan. The important riparian species in the evaluated province was Acacia 
arabica, Dalbergia sissoo, Tamarix spp., Salix sp., Morus alba, Populus 
euphratica and other Populus species. Khan et al., (2013) studied the proportional 
description of the biodiversity of plants in Tehsil Takht-e-Nasrati, Pakistan. The 
highest value (3.097) of species diversity was obtained from southern area in 
spring, while the lowest value (1.75) was obtained from Jahangeri Banda in winter. 
The highest value (5.752) of species richness was obtained from Warana in winter, 
while the lowest value (2.08) was obtained from Sarki Lawager in summer.  
 
4.1.2 Phenology 
The vegetation within the riparian zone performs an important ecological 
function for in-stream processes. Large scale disturbances, such as high water 
flows and flooding, are likely to be important factors in the dynamics of the 
riparian community (Barnes, 1985; Bradley and Smith, 1986; Johnson, 1994). The 
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phenological observations were recorded during the vegetation sampling and plants 
were classified into the following classes, (a) seedling (young and pre-flowering), 
(b) flowering, (c) fruiting and (d) dormant (fruiting or life cycle completed). 
 
Figure 4.1.2a shows the phenological stages of plant specices in Taunsa 
Wildlife Sanctuary. During pre-monsoon season out of 30 plant species, a total of 
19 plants were on flowering stage, 7 species were on seedling stage, 2 species were 
on fruiting and 2 were in dormant stage. In comparison (Fig. 4.1.2a), during post-
monsoon season 9 species were on fruiting, 7 species were dormant, 3 species were 
flowering and 1 species was on seedling stage. 
 
Figure 4.1.2b shows the phenological stages of plant species in Keti Shah 
Forest during pre and post-monsoon season. In pre-monsoon season, 13 species 
were on flowering, 5 species were on seedling and 4 species were on dormant 
stage. While, in post monsoon season 7 species were on fruiting, 4 species were on 
floweing and 4 were dormant while 1 species was found on seedling stage. 
 
Different plant species within a community may share phenological 
patterns. Plant species may share some of there morphological and physiological 
adaptations and also different species have similar patterns in phenology because 
of close phylogeny (Wright and Calderon 1995). Marques et al., (2004) pointed 
that Phenologies in Araucaria forest is associated with the climatic variables, 
daylength and temperature and to some extend with rainfall. 
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4.2 LIFE FORM  
 Biological spectrum of vegetation is the index of the phytoclimate of the 
site, deduction of which is based on different life-forms composing the flora of the 
site. The life-form in its turn is the ultimate manifestation of the sum of all the 
adaptations undergone by a plant to the climate in which it resides. Raunkiaer 
(1934) proposed the term “Biological Spectrum” to express both the life-form 
distribution in a flora and the phytoclimate under which the prevailing life-forms 
evolved. Phytosociology deals with plant communities, their composition and 
development, and the relationships between the species within them.  
 
4.2.1 Taunsa Wildlife Sanctuary 
 The life forms of Taunsa Wildlife Sanctuary was presented in Figure 4.2.1. 
In pre-monsoon season, 9 therophytes, 7 phanerohytes, 7 chamaephytes, 4 
cryptophytes and 3 hemicryptophytes were recorded. Whereas, in post-monsoon 
season 5 phanerophytes, 5 cryptophytes, 5 hemicryptophytes, 4 therophytes and 1 
species belongs to chamaephyte was recorded. 
 
 Bouri and Mukherjee (2011), studied the biological spectrum of the patch 
of tropical deciduous Sal forest in Bankati Gram Panchayat area under Durgapur 
Forest Range, Burdwan District, West Bengal, based on 71 plant species of 
angiosperms, reveals that per hundred species of its flora, 63.38 are phanerophytes, 
1.41 chamaephytes, 8.45 cryptophytes, 7.04 hemicryptophytes and 19.71 
therophytes. The phytoclimate appears to be of phanero-therophytic type. 
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(a) 
 
(b) 
                        
Figure 4.1.2: (a) Plant phenology from different seasons in Taunsa Wildlife  
  Sanctuary. (b) Plant phenology from different seasons in Keti  
  Shah Forest.  
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4.2.2 Keti Shah Forest 
 Figure 4.2.2 shows plant Life Forms in different seasons of Keti Shah 
Forest. During pre-monsoon season species comprises of the 6 chamaephytes, 5 
phanerophytes, 5 cryptophytes, 4 therophytes and 2 hemicryptohytes. Similarly, in 
post-monsoon season 6 phanerophytes, 4 chamaephytes, 3 cryptophytes, 2 
hemicryptophytes and 1 therophyte species was recorded. 
 
 The recent studies recommends vegetation spectrum when working at 
smaller scales, due to underrepresentation of therophytic population and 
over-representation of phanerophytes (Batalha and Martins, 2002). Also, the 
vegetation biological spectrum is more readily comparable to biological spectra 
similarly constructed for other sites. The biological spectra of different regions of 
India have been worked out by different researchers (Meher-Homji, 1964; Pandey 
and Parmar, 1993; Pattanaik et al., 2007; Rana et al., 2002; Reddy et al., 2002; 
Sharma and Dhakre, 1993). Thus the biological spectrum  of  different  regions 
may  be  worked out  and used  to  compare  the  widely  separated plant  
communities  in  terms  of their climatic adaptability. 
 
4.3 PHYTOSOCIOLOGICAL STUDIES 
 Phytosociological studies are essential for protecting the natural plant 
communities and biodiversity and as well as understanding the changes 
experienced in the past and continuing on into the future. Phytosociological 
parameters like frequency, density and cover was calculated during the field survey 
for each study site were as follow: 
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Figure 4.2.1: Plant life forms of Taunsa Wildlife Sanctuary in pre and post- 
  monsoon seasons.  
 
Figure 4.2.2: Plant life forms of Keti Shah Forest in pre and post-monsoon  
  seasons.  
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4.3.1 Taunsa Wildlife Sanctuary 
4.3.1.1 Pre-monsoon season 
4.3.1.1.1 Frequency 
 Frequency and relative frequency of the each species were presented in 
Figure 4.3.1.1.1. Total number of 80 transect lines randomly distributed over the 
whole area were taken and data was represented for the site as the average of the 
data collected from the each transect taken. Average maximum frequency in the 
pre-monsoon season was found as 59.17 percent for the Cynodon dactylon with 
18.84 relative frequency. Similarly, Saccharum spontananeum followed by 
Cynodon dactylon with 51.67 percent and 20.04 relative frequency. Tamarix dioca 
was found with the 40.84 percent and 16.73 relative frequency. Acacia nilotica was 
found with the 15.84 percent and 6.21 relative frequency. Average minimum 
frequency of 0.83 percent was calculated for the Conyza camadasis, Dalbergia 
sissoo, Eclipta prostrata, Lythyrus aphaca, Mentha sp, Oxystlma esculentum, 
Ranuncalus muricatus and Zizyphus mauritiana. Similarly, the least values of the 
relative frequencies were observed for the same plant species as for minimum 
frequency. 
 
4.3.1.1.2 Density 
 The densities of plant species were presented in Figure 4.3.1.1.2. Average 
maximum density was calculated for the Cynodon dactylon with 2.42 m
2
 with the 
relative density of 23.58 followed by the Saccharum spontananeum with 1.69 m
2
 
with the relative density of 22.61. Imperata cylindrica was also present with the 
1.23 m
2
 and relative density of 11.94. Average minimum density of 0.01 m
2
 was 
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recorded for Ziziphus mauritiana with the relative density of 0.08. Other species 
found with lowest density and relative density values were Arundo donax, Conyza 
camadasis, Dalbergia sisso, Eclipta prostrate, Lythyrus aphaca, Mentha sp., 
Oxystlma esculentum and Ranunculus muricatus. 
 
4.3.1.1.3 Cover 
 Cover and relative cover for every species present in the pre-monsoon 
season was calculated. Average maximum cover percent of 23.67 percent was 
found for Saccharum spontaneum with the relative cover of 26.71 percent (Fig. 
4.3.1.1.3). Cynodon dactylon, Tamarix dioca, Imperata cylindrica and Acacia 
nilotica was found with the cover percentage of 19.40, 15.83, 8.68 and 6.51 
respectively. Average minimum cover percentage was found 0.02, 0.01, 0.03, 0.02, 
0.01 and 0.01 for the Conyza camadasis, Eclipta prostrate, Lythyrus aphaca, 
Mentha sp., Oxystlma esculentum and Ranunculus muricatus repectively (Fig. 
4.3.1.1.3). 
 
4.3.1.1.4 Importance value 
 Figure 4.3.1.1.4 shows important value for pre-monsoon season. Maximum 
average importance value was found for Saccharum spontaneum (69.35), Cynodon 
dactylon (66.30), Tamarix dioca (47.88), Imperata cylindrica (32.26) and Acacia 
nilotica (17.59). Average minimum importance value was recorded for the Conyza 
camadasis, Eclipta prostrate, Lythyrus aphaca, Mentha sp., Oxystlma esculentum 
and Ranunculus muricatus repectively. 
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Figure 4.3.1.1.1: Frequency and relative frequency of plant species in pre- 
        monsoon season of Taunsa Wildlife Sanctuary.  
 
 
Figure 4.3.1.1.2: Density and relative density of plant species in pre-monsoon  
        season of Taunsa Wildlife Sanctuary.  
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4.3.1.1.5 Summed dominance ratio 
 Fig. 4.3.1.1.5 shows Summed Dominance Ratio (SDR) of pre-monsoon 
season. Average maximum SDR was calculated for the Saccharum spontaneum 
(23.12), Cynodon dactylon (22.10), Tamarix dioca (15.96), Imperata cylindrica 
(10.75) and Acacia nilotica (5.86). Average minimum SDR was recorded for the 
Conyza camadasis, Eclipta prostrate, Lythyrus aphaca, Mentha sp., Oxystlma 
esculentum and Ranunculus muricatus, repectively. 
 
The results regarding pre-monsoon season of Tunsa Wildlife Sanctuary 
indicates dominant frequent grasses as Cynodon dactylon and Saccharum 
spontananeum and comparatively similar grasses were observed in case with 
density of Taunsa Wildlife Sanctuary. The main cover species in Taunsa Wildlife 
Sanctuary was Saccharum spontananeum and Cynodon dactylon. The main 
frequent shurbs and trees in area was Tamarix dioca and Acacia nilotica, while 
maximum density was observed in Tamarix dioca. Similar plant species were 
dominant as cover in Taunsa Wildlife Sanctuary.   
 
Mansoor et al., (2002) evaluated the similar type of pattern in diversity of 
plant species in Lal Suhanra National Park, Bahwalpur, Pakistan in the pre-
monsoon season and observed similar trend in plant species as recorded in the 
Taunsa Wildlife Sanctuary. They mentioned Acacia nilotica and Dalbergia sissoo 
as dorminant plant species in evaluated National park. Moreover, the ranking 
(importance) in evaluated area shows Saccharum spontananeum, Cynodon 
dactylon and Tamarix dioca (Fig. 4.3.1.1.4) as dominant species. Campos and 
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Figure 4.3.1.1.3: Cover and relative cover of plant species in pre-monsoon  
        season of Taunsa Wildlife Sanctuary.  
 
Figure 4.3.1.1.4: Importance value and summed dominance ratio of plant  
       species in pre-monsoon season of Taunsa Wildlife Sanctuary.  
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Souza (2002) conducted the phytosociological analysis alluvial Forest of the upper 
Paraná River floodplain. They sampled 795 individuals distributed among 28 
families, 41 genera, and 47 species. The total density was 1,472 individuals per 
hectare, with a volume of 175.79 m
3
. The families with greatest species richness 
were the Mimosaceae, Lauraceae, Caesalpinaceae and Myrtaceae. Moreover, the 
families with highest importance values were the Cecropiaceae, Mimosaceae, 
Sterculiaceae, Caesalpinaceae and Lauraceae. 
 
4.3.1.2 Post-monsoon season 
4.3.1.2.1 Frequency 
 Frequency and relative frequency of the each species were presented in 
Figure 4.3.1.2.1. Total number of 80 transect lines randomly distributed over the 
whole area were taken and data was represented for the site as the average of the 
data collected from the each transect was taken. Average maximum frequency was 
calculated as 45.84 percent for Saccharum spontaneum with the relative frequency 
value of 20.31 followed by Tamarix dioca and Cynodon dactylon with 37.50 and 
30.34 percent frequency respectively. Average minimum frequency was recorded 
for Arundo donax, Cyperus rotundus, Echinocloa crus-galli, Launea procumbense 
and Saccharum bengalense with the minimum values of 0.83, 1.67, 1.67, 1.67 and 
2.5 percent, respectively. 
 
4.3.1.2.2 Density 
 The densities of plant species were presented in Figure 4.3.1.2.2. Density 
and relative density was found higher in Saccharum spontaneum 1.5 m
2
 and 23.82 
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Figure 4.3.1.2.1: Frequency and relative frequency of plant species in post- 
       monsoon season of Taunsa Wildlife Sanctuary.  
 
Figure 4.3.1.2.2: Density and relative density of plant species in post-monsoon 
       season of Taunsa Wildlife Sanctuary.  
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relative density as compared to the Cynodon dactylon and Tamarix dioca with 1 
m
2
 and 0.77 m
2
 density respectively. Desmostachya bipinnata was also present in 
the stand with 0.66 m
2
 and 8.73 relative frequency. Average minimum density was 
found 0.02 m
2
, 0.05 m
2
, 0.04 m
2
, 0.04 m
2
 and 0.06 m
2
 for Arundo donax, Cyperus 
rotundus, Echinocloa crus-galli, Launea procumbense and Saccharum bengalense 
with lowest values of the relative density. Populous euphratica was present with 
the density value of 0.04 m
2 
and 0.70 relative density. 
 
4.3.1.2.3 Cover 
 Maximum cover value was calculated for Saccharum spontaneum 2.33 
percent and relative cover of 26.67. Similarly Tamarix dioca and Cynodon 
dactylon covers the 14.02 and 8.72 percent, respectively. Desmostachya bipinnata 
and Acacia nilotica covers the 6.92 and 4.81 percent of the area with 8.53 and 6.06 
relative cover, respectively (Fig. 4.3.1.2.3). Average minimum cover percent of 
0.18, 0.21, 0.07, 0.23 and 0.26 was found for Arundo donax, Cyperus rotundus, 
Echinocloa crus-galli, Launea procumbense and Saccharum bengalense with the 
least relative cover (Fig. 4.3.1.2.3). 
 
4.3.1.2.4 Importance value and summed dominance ratio 
 Importance value and SDR of post-monsoon season was presented in 
Figure 4.3.1.2.4. Importance value and SDR was found higher for Saccharum 
spontaneum with 70.8 and 23.6 respectively as compared to the Tamarix dioca and 
Cynodon dactylon 46.14 and 38.36, respectively. Desmostachya bipinnata was 
also present in the stand with 24.21 importance value and 8.07 SDR. Other species 
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with higher importance value and summoned dominance ratio were Imperata 
cylindrica, Fimbristylis hispidula and Acacia nilotica. Species with the minimum 
average importance values and summed dominance ratio were Arundo donax, 
Cyperus rotundus, Echinocloa crus-galli, Launea procumbense, Saccharum 
bengalense and Populous euphratica. 
 
 The results of Tunsa Wildlife Sanctuary in post-monsoon season indicates 
main frequent grass as Saccharum spontananeum. The relative higher frequency 
might be attributed to moisture content entrapped in soil after monsoon rains. The 
main shrub in evaluated area during post-monsoon season indicate Tamarix dioca 
as the dominant one. Similar trend was observed with density and cover of species 
in post monsoon season. The species importance during post monsoon indicates 
Saccharum spontananeum and Tamarix dioca as main species in Tunsa Wildlife 
sanctuary. The results are in agreement with previous study of Mansoor et al., 
(2002). They pointed Tamarix aphylla as dominant plant species after monsoon 
period in Lal Suhanra National Park, Bahwalpur, Pakistan. Ahmed et al., (2006) 
performed quantitative phytosociological survey in 184 sampling stands in various 
climatic zones of Himalayan forests of Pakistan. Their floristic composition and 
importance values shows 24 different communities and 4 monospecific forest 
vegetations. Their results shows similar floristic composition in various climatic 
zones however they differ in quantitative values.  
  
4.3.2 Keti Shah Forest 
4.3.2.1 Pre-monsoon season 
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Figure 4.3.1.2.3: Cover and relative cover of plant species in post-monsoon  
         season of Taunsa Wildlife Sanctuary.  
 
Figure 4.3.1.2.4: Importance value and summed dominance ratio of plant  
        species in post-monsoon season of Taunsa Wildlife   
        Sanctuary.  
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4.3.2.1.1 Frequency 
 Frequency and relative frequency of the each species were presented in 
Figure 4.3.2.1.1. Total number of 80 transect lines randomly distributed over the 
whole area were taken and data was represented for the site as the average of the 
data collected from the each transect was taken. Average maximum frequency of 
45.84, 37.50, 33.33, 31.25, 25 and 25 was found for Phragmites karka, Phyla 
nodiflora, Tamarix indica, Cynodon dactylon, Launaea procumbense, Saccharum 
bengalense and Acacia nilotica, respectively. While average minimum frequencies 
were recorded for the Cyperus sp., Eclipta prostrata, Melilotus indica, Oxysytelma 
esculentum and Prosopis cineraria.  
 
4.3.2.1.2 Density 
 The densities of plant species were presented in Figure 4.3.2.1.2. Maximum 
density values in pre-monsoon season was recorded for Phragmites karka (2.13), 
Phyla nodiflora (0.94), Tamarix indica (0.75), Cynodon dactylon (1.36), Launaea 
procumbense (0.75), Saccharum bengalense (0.90) and Acacia nilotica (0.42) 
respectively. Average minimum density of 0.06, 0.04, 0.02, 0.02 and 0.04 m
2
 was 
recorded for the Cyperus sp., Eclipta prostrata, Melilotus indica, Oxysytelma 
esculentum and Prosopis cineraria respectively with the relative density of 0.51, 
0.34, 0.26, 0.28 and 0.51, respectively. 
 
4.3.2.1.3 Cover 
 The percent cover of plant species was presented in Figure 4.3.2.1.3. The 
maximum cover percentage of 13.92, 14.04, 11.65, 10.9, 9.77, 6.14 and 6.11 were 
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Figure 4.3.2.1.1: Frequency and relative frequency of plant species in pre- 
        monsoon season of Keti Shah Forest.  
 
Figure 4.3.2.1.2: Density and relative density of plant species in pre-monsoon  
        season of Keti Shah Forest. 
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recorded for Phragmites karka, Tamarix indica, Tamarix sp., Cynodon dactylon, 
Saccharum bengalense, Typha sp. and Acacia nilotica respectively. Average 
minimum cover percent was found for Cyperus sp., Eclipta prostrata, Melilotus 
indica, and Oxysytelma esculentum. Oxysytelma esculentu and Cyperus sp. have 
cover of only 0.01 and 0.02 percent and also have least values of relative cover. 
 
4.3.2.1.4 Importance value and summed dominance ratio 
 Importance value and SDR was calculated shows that maximum values 
belong to the Phragmites karka 56.55 and 18.85, Tamarix indica 35.82 and 11.94, 
Tamarix sp. 26.57 and 8.86, Cynodon dactylon 36.7 and 12.23, Saccharum 
bengalense 29.82 and 9.94, Typha sp. 15.27and 5.09, and Acacia nilotica 18.7 and 
6.23 (Fig. 4.3.2.1.4). Average minimum importance value and SDR was found for 
Cyperus sp., Eclipta prostrata, Melilotus indica, and Oxysytelma esculentum. 
Oxysytelma esculentum and Eclipta prostrata presents only 1 and 0.33, and 0.89 
and 0.3 importance value and SDR, respectively (Fig. 4.3.2.1.4). 
 
 The results regarding pre-monsoon season of Keti Shah indicates dominant 
frequent grasses as Phragmites Karka, Tamarix indica, Cynodon dactylon and 
Saccharum bengalense. The frequent herbs in area includes Phyla nodiflora and 
Launaea procumbense and Acacia nilotica as a common tree species. 
 
 Comparatively higher density was observed in Phragmites karka. 
Similarly, maximum cover percentage was seen in Tamarix indica and Phragmites 
karka. These species have higher importance value in terms of density, cover and 
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Figure 4.3.2.1.3: Cover and relative cover of plant species in pre-monsoon  
         season of Keti Shah Forest.  
 
Figure 4.3.2.1.4: Importance value and summed dominance ratio of plant  
        species in pre-monsoon season of Keti Shah Forest.  
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frequency.  The relative abudance of Phragmites karka in observed area are well in 
line with the study of Qureshi (2008). He reported the dominant frequency of 
Phragmites karka in Sawan Wari, Pakistan.  
 
4.3.2.2 Post-Monsoon Season 
4.3.2.2.1 Frequency 
 Frequency and relative frequency of the each species were presented in 
Figure 4.3.2.2.1. Total number of 80 transect lines randomly distributed over the 
whole area were taken and data was represented for the site as the average of the 
data collected from the each transect was taken. Average maximum frequency 
percentage of 41.67 percent was recorded for Tamarix indica and relative 
frequency calculated was 18.83 followed by the Acacia nilotica with frequency 
value of 33.34 percent and 15.52 relative frequency. 
 
 The average minimum frequency values was recorded 2.08 percent for 
Eclipta prostrata, Fimbristylis bisumbellata, Mukia madraspatana, Phyla 
nodiflora, Populus euphratica and Prosopis cineraria with minimum relative 
frequency of 0.74 for Eclipta prostrate and Mukia madraspatana. 
 
4.3.2.2.2 Density 
 In post-monsoon season of the Keti Shah, average maximum density 1.48 
was calculated for the Saccharum spontaneum and 1.02 for Cynodon dactylon with 
the maximum relative density of 23.18 for Saccharum spontaneum (Fig. 4.3.2.2). 
Average minimum density of 0.02 was computed for Eclipta prostrata, Mukia 
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Figure 4.3.2.2.1: Frequency and relative frequency of plant species in post- 
        monsoon season of Keti Shah Forest.  
 
Figure 4.3.2.2.2: Density and relative density of plant species in post-monsoon 
        season of Keti Shah Forest.  
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madraspatana, Populus euphratica and Prosopis glandulosa with minimum 
relative density of 0.26 for Eclipta prostrata and Mukia madraspatana (Fig. 
4.3.2.2). 
 
4.3.2.2.3 Cover 
 The cover and relative cover of the each species were presented in Figure 
4.3.2.2.3. Average maximum cover percentage of 23.40 percent and 19.28 percent 
was found for Tamarix indica and Saccharum spontaneum respectively. Acacia 
nilotica was found with the cover percent of 17.56 percent. Maximum 27.64 
percent relative cover was calculated for Tamarix indica. 
 
4.3.2.2.4 Importance value and summed dominance ratio 
 Importance value and SDR of the species found in post-monsoon season 
was presented in Figure 4.3.2.2.4. Average maximum importance value of 62.13 
belongs to Tamarix indica followed by the Saccharum spontaneum with 57.67 
importance value. Similarly, SDR of 20.71 and 19.22 was recorded for Tamarix 
indica and Saccharum spontaneum, respectively. Average minimum importance 
value of 1.06 was found for Mukia madraspatana and 1.08 for penultimate Eclipta 
prostrata. Similarly, average minimum SDR was calculated for Mukia 
madraspatana. 
 
 The results regarding post-monsoon season of Keti Shah indicates the 
dominant frequent grasses as Cynodon dactylon and Saccharum spontaneum. The 
frequent herb in area include only Launaea procumbense and frequent tree species 
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Figure 4.3.2.2.3: Cover and relative cover of plant species in post-monsoon  
        season of Keti Shah Forest.  
 
Figure 4.3.2.2.4: Importance value and summed dominance ratio of plant  
        species in post-monsoon season of Keti Shah Forest.  
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include Acacia nilotica and Prosopis cineraria. Comparatively, higher frequency 
was observed with shurbs. Similarly, maximum cover percentage was seen in 
Tamarix indica and is well comparable with pre-monsoon season. The maximum 
importance value found in Keti Shah for Tamarix indica, Saccharum spontaneum 
and Acacia nilotica. Shah et al., (1985) pointed relative abudance of these speices 
in riparian areas of Pakistan. 
 
 Chaudhry et al., (2001) conducted phytoecological studies in the Chhumbi 
Surla Wildlife Sanctuary, Chakwal, Pakistan in the post monsoon season and 
found the similar trend in biodiversity as recorded in the Keti Shah Forest. They 
reported 116 plant species belonged to 35 families with Poaceae as the largest 
family with 41 grass species. The major grass species were Dactyloctenium 
scindicum, Cymbopogon jwarancusa, and Dichanthium foveolatum. They reported 
major shrubs and trees as Acacia modesta, Dodonaea viscosa and Justicia 
adhatoda. While major herbs include Lespedeza floribunda, Pupalia lappacea and 
Diclyptera bupleuroides. Similarly, Durrani et al., (2004) also reported the similar 
trend in biodiversity of the area and recorded 202 species of 45 plant families from 
Harboi rangeland Kalat. Asteraceae, Papilionaceae, Poaceae, Brassicaceae and 
Lamiaceae were the important families. They reported dominant life forms as 
therophyte and hemicryptophyte while nanophylls, microphylls and leptophylls 
were dominant leaf sizes. Qureshi and Bhatti (2005) reported 160 plant species 
belonging to 118 genera and 45 families during floristic survey of Nara Desert 
Pakistan.  
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4.4 COMPARISON OF UPSTREAM AND DOWNSTREAM FLORAL 
 DIVERSITY 
 Taunsa Wildlife Sanctuary (upstream) and Keti Shah Forest (downstream) 
floral diversity recorded during the field survey was compared using different 
measures of biodiversity indices, such as, rank abundance, rarefaction plot, 
richness, distribution and similarity index. 
 
4.4.1 Shannon Diversity Index and Evenness 
 Shannon Index (H') takes species abundance and evenness of species in the  
community into account to measure the diversity of the area. It assumes that the 
individuals are randomly sampled from the whole area and represents the whole 
area. Figure 4.4.1 shows H' of upstream and downstream floral diversity.  In 
upsteam area, highest diversity (2.489) was calculated for the post-monsoon season 
and lowest H' (2.424) was found in the pre-monsoon season (Fig. 4.4.1). In post-
monsoon season, it was found that the Shannon evenness (J') was highest (0.831) 
as compared to the other seasons. Species evenness was found less (0.713) in pre-
monsoon season (Table 4.4.1).  In Keti Shah, highest H' (2.49) was found in pre-
monsoon season while lowest H' (2.137) was recorded in the post-monsoon season 
(Fig. 4.4.1). Similarly, species higher speices evenness J' (0.805) was recorded in 
the pre-monsoon season while less J' (0.771) was found in post-monsoon season 
(Table 4.4.1). 
 
 Comparing the upstream and downstream, highest value of H' (2.49) was 
calculated for the downstream pre-monsoon season followed by the H' (2.489) of 
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Figure 4.4.1: Shannon Index for floral diversity in upstream and downstream 
            areas.  
 
Table 4.4.1: Shannon Index for floral diversity in upstream and downstream  
          areas.  
Index T Pre-M* T Post-M** KS Pre-M*** KS Post-
M**** 
Shannon H' 
Log Base 2.718 
2.424 2.489 2.49 2.137 
Shannon Hmax 
Log Base 2.718 
3.401 2.996 3.091 2.773 
Shannon J' 
(Evenness) 
0.713 0.831 0.805 0.771 
  *T Pre-M = Tuansa Wildlife Sanctuary Pre-monsoon season, ***T Post-M = 
Tuansa    Wildlife Sanctuary Pre-monsoon season, *** KS Pre-M = Keti Shah 
Forest Pre-monsoon season, **** KS Pre-M = Keti Shah Forest Post-monsoon 
season. 
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upstream post-monsoon season. While lowest (2.137) diversity was recorded for 
the downstream post-monsoon season (Fig. 4.4.1). More species evenness was 
recorded (0.805 and 0.7710) in the downstream while low J' (0.831 and 0.713) was 
calculated for the upstream area. The higher J' in downstream areas might be due 
to higher individuals of the species, on the other hand higher J' in post-monsoon 
season of upstream areas might be due to higher plant biodiversity. Singh and 
Singh (2014) studied seasonal dynamics in plant diversity indices at two distinct 
sites (Site I and II) at ecotonal belts of River Gomati, Jaunpur, India. They 
recorded diversity indices of plant community on the basis of density values. Site I 
showed more species richness and evenness as compared to site II. Shannon and 
 eaver, Evenness, Marglef’s, McIntosh and Menhinic diversity indices values 
were higher at site I compared to site II. In contrast, the concentration dominance 
showed higher value at site II, whereas Simpson values of diversity have fluctuated 
in different seasons at both the sites (I and II). These indices play a critical role in 
designing management strategies for riparian forest.  
 
4.4.2 Simpson's Index 
 Simpson’s index (D) calculates the diversity of the area by taking species 
richness and abundance into the account. It is influenced by the evenness of the 
percent of each species present and richness of the species. As the value of D 
increases the diversity decreases, so inverse of Simpson’s (1/D) was used to 
express the diversity. Simpson’s diversity equals the chance that two individuals 
selected randomly from the area of interest represent the same species. Figure 4.4.2 
shows 1/D of upstream and downstream floral diversity. In upstream, highest 
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diversity (9.209) was calculated for the post-monsoon season and lowest (7.267) 
was recorded in the pre-monsoon season. Highest diversity (8.881) was found in 
the downstream pre-monsoon season while less 1/D (6.95) was calculated in-post 
monsoon season (Table 4.4.2). 
 
 Upstream and downstream comparison revealed that the highest 1/D 
(9.209) was recorded in upstream post-monsoon season and lowest 1/D (6.95) was 
found in the downstream post-monsoon season. Maximum diversity (7.267 and 
9.209) was present in the upstream as compared to the downstream 1/D (8.881 and 
6.95). The difference between upstream and downstream diversity can be directly 
correlated with specie evenness. Risser and Rice (1971) evaluated tree species in 
61 Oklahoma upland forest stands. Most stands were dominated by Quercus 
stellata and Quercus marilandica. They reported inverse relation of dominance 
concentration (Simpson and McNaughton indexes) to species diversity and the 
Shannon-Wiener index. Shaheen et al., (2011) reported specie diversity in Western 
Himalayan alpine pastures in Bagh District, Azad Kashmir, Pakistan. They 
reported average value of species richness as 1.42; Simpson's and Shannon–
Wiener's diversity values as 3.13 and 0.91, respectively. Moreover, species 
evenness was reported as 0.901.  
 
4.4.3 Richness or Margalef Index 
 Margalef Index is used to describe the variation depending upon the 
number of species. Thus, it is used for comparison of sites. It has no limit value 
and it shows that the number of individual are less important for calculations. 
65 
 
Figure 4.4.3 presents Margalef index of upstream and downstream floral diversity. 
The results shows that, in upstream, maximum Margaleff value (3.45) was 
calculated for the pre-monsoon season and minimum value (2.34) was calculated 
for the post-monsoon season. Similarly, in downstream, maximum value (2.49)  
was recorded for the pre-monsoon season and minimum value (1.87) was found for 
the post-monsoon season. 
 
 There is more variation in the upstream seasons when compared to the 
downstream. In pre-monsoon season, maximum value (3.45) was recorded for the 
upstream and minimum (2.34) was found for downstream season. Similarly, in 
post monsoon season, maximum value (2.49) was calculated for the upstream as 
compared to the lowest value (1.87) of the downstream.  Reported Margalef index 
of 3.133 in fruit tree species from Albania. The higher richness in pre-monsoon 
seasons of both upstream and downstreams can be correlated with favourable 
climatical conditions. The optimum temperatures during pre-monsoon season have 
a positive effect on specie richness. A slightly low richness value of 1.42 was 
reported by Shaheen et al., (2011) in Western Himalayan alpine pastures in Bagh 
District, Azad Kashmir, Pakistan. The low richness in alpine pastures can be 
attributed to the seasonal live stock movements (Bhattarai et al., 2004). 
 
4.4.4 Rank Abundance 
 In rank abundance species are ranked in sequence from most to least 
abundant. In upstream, high ranked specie in pre-monsoon season was Cynodon 
dactylon (1164) followed by the Saccharum spontaneum (812), while Zizyphus 
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Figure 4.4.2:  Simpson's Index for floral diversity in upstream and   
  downstream areas.  
 
Figure 4.4.3:  Margalef Index for floral diversity in upstream and   
  downstream areas 
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Table 4.4.2:   Simpson's diversity Simpson's Index for floral diversity in  
  upstream and downstream areas.  
Index T Pre-M* T Post-M** KS Pre-M*** KS Post-M**** 
Simpsons Diversity 
(D) 
0.138 0.109 0.113 0.144 
Simpsons Diversity 
(1/D) 
7.267 9.209 8.881 6.95 
 
*T Pre-M = Tuansa Wildlife Sanctuary Pre-monsoon season, ***T Post-M = 
Tuansa    Wildlife Sanctuary Pre-monsoon season, *** KS Pre-M = Keti Shah 
Forest Pre-monsoon season, **** KS Pre-M = Keti Shah Forest Post-monsoon 
season. 
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mauritiana (4) was ranked lowest in the list. Similarly, in post-monsoon season, 
Saccharum spontaneum (720) was ranked highest followed by the Cynodon 
dactylon (480) and Arundo donax (8) ranked last in the list. In downstream areas, 
Phragmites karka (890) followed by the Cynodon dactylon (550) was ranked 
higher in the pre-monsoon season with the Oxystlma esculentum (10) as the lowest 
ranked specie. Similarly, in post-monsoon season, Saccharum spontaneum (650) 
was top ranked while Prosopis glandulosa (10) was bottom ranked.  
 
Comparing upstream and downstream, in pre-monsoon season Cynodon 
dactylon and Saccharum spontaneum was top ranked with the maximum number 
of individuals in upstream, whereas Phragmites karka and Cynodon dactylon were 
top ranked in downstream. Zizyphus mauritiana was found to be at bottom in 
upstream while Oxystlma esculentum was in last in downstream. In post-monsoon 
season, Saccharum spontaneum followed by Cynodon dactylon were ranked higher 
in upstream and similar pattern for both species was found in downstream area. 
Whereas, Arundo donax and Prosopis glandulosa was ranked lowest in upstream 
and downstream respectively. The abundance distribution of species in a 
community can make the biological reasoning closer together (Sugihara 1980; 
Whittaker 1972). Sohrabi and Rahmani (2011) compare the abundance distribution 
models of species in the forests of North Iran (Golestan province). They ranked the 
forest species by using BIO-DAP software. This software order species based on 
its frequencies and fit the best abundance distributions on data with showing digits. 
Their results showed that, the gorgan beech site has most fitness with logarithmic 
series models in comparison to the log normal method. 
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(a) 
 
Figure 4.4.4: (a) Rank abudance of floral diversity in upstream areas (b) Rank 
  abudance of floral diversity in downstream areas during pre  
  and post-monsoon seasons. 
70 
 
 (b) 
 
Figure 4.4.4: (a) Rank abudance of floral diversity in upstream areas (b) Rank 
  abudance of floral diversity in downstream areas during pre  
  and post-monsoon seasons. 
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4.4.5 Rarefaction 
 Rarefaction curves have been extensively used to compare species richness 
in variety of habitat, like wood inhabiting fungi, deep sea, plant species richness in 
diﬀerent biogeographic regions, microbial diversity and forest biomes (Ricotta et 
al., 2012; Roesch et al., 2007). Species are often aggregated in different set of  
samples, on the basis of this reason the sample-based rarefaction typically 
increases more slowly (Colwell et al., 2004). 
   
 In upstream, 30 species were collected with 4476 individuals in pre-
monsoon season while 20 species were found with 3348 individuals in post-
monsoon season. The number of species expected in the pre-monsoon was greater 
than in the post-monsoon when the abundance of the 2 seasons were rarefied to the 
same numbers of individuals. Similar results was computed for the downstream 
pre-monsoon season and post-monsoon season as expected number of species was 
found more in the pre-monsoon season when rarefied to the same number of 
individuals.  
 
 Figure 4.4.5 shows the rarefaction of upstream and downstream floral 
diversity. The comparing between the upstream and downstream diversity shows 
that the expected number of species were greater than the downstream when 
rarefied to the same number of the individuals. Similar results was found for the 
pre-monsoon and post-monsoon seasons of the upstream and downstream, as the 
expected number of species were more in the pre and post-monsoon seasons of the 
upstream as compared to the pre and post-monsoon seasons of the downstream. 
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Figure 4.4.5:   Rarefaction of specie diversity in upstream and downstream  
  areas  
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The biodiversity indices calculated in this research shows that upstream 
areas are rich in plant biodiversity in comparison to downstream. This difference 
was due to flow of water in upstream areas and also the upstream areas are less 
prone to anthropogenic activities. Moreover, favourable monsoon flourished the 
plant biodiversity in upstream areas. Vale et al., (2015) pointed that in riparian 
forest water from the river clearly had great importance on ecological processes. 
Riparian plant species are selective as to where they establish since they are 
sensitive to changes in duration and flooding frequency (Battaglia and Sharitz, 
2006; Glaeser and Wulf, 2009). Alldredge and Moore (2014) showed that plant 
species diversity in riparian system is totally dependent on little changes in 
elevation, and the proportion of wetland-dependent species changes quickly with 
only a few centimeters difference in elevation. 
 
4.4.6 Cluster Analysis or Similarity Index 
A cluster analysis place the sites into group and clusters are created from 
sites that are similar in species composition, as measured by a preferred ecological 
distance. Cluster analysis provides an outline of the similarity in species 
composition of different sites. Sites that are grouped into the similar cluster are 
more similar in species composition than sites that are grouped into different 
clusters (Bray and Curtis, 1957). The results of cluster analysis was presented in 
the figure 4.4.6. Results shows that in upstream area, there was a 54.81 percent 
similarity in the species composition between the pre-monsoon season and post-
monsoon season, while there was only 40.40 percent similarity between pre-
monsoon and post-monsoon seasons in the downstream. Cluster between upstream 
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Figure 4.4.6: Bray - Curtis cluster dendrogram showing species similarity  
  index in upstream and downstream areas. 
 
Table 4.4.6:    Bray - Curtis cluster analysis showing species similarity index  
  in upstream and downstream areas. 
*T Pre-M = Tuansa Wildlife Sanctuary Pre-monsoon season, ***T Post-M = 
Tuansa    Wildlife Sanctuary Pre-monsoon season, *** KS Pre-M = Keti Shah 
Forest Pre-monsoon season, **** KS Pre-M = Keti Shah Forest Post-monsoon 
season. 
 
Step Clusters Distance Similarity Joined 1 Joined 2 
1 3 45.19 54.81 1 2 
2 2 54.38 45.62 1 4 
3 1 59.61 40.40 1 3 
Similarity Matrix      
 T Pre M T Post M KS Pre M KS Post M  
T Pre-M* - 54.81 28.16 45.62  
T Post-M** - - 17.53 45.04  
KS Pre-M*** - - - 40.40  
KS Post-M**** - - - -  
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pre-monsoon season and downstream pre-monsoon was 28.16 percent, while 
upstream post-monsoon was 45.04 percent similar in species composition with the 
downstream post-monsoon (Table 4.4.6). The minimum similarity of 17 percent 
was calculated for the upstream post-monsoon and downstream-pre monsoon. 
Gixhari et al., (2012) perform cluster anlysis of fruit tree species in Albania and 
pointed strong similarity (70.58) between Dibra and Korca areas.  
 
 Plotkin et al., (2002) used cluster‐based approach in combination with 
traditional spatial statistics analysis for ecological exploration of tree species in 
tropical rain forest of Malaysia. They pointed that the distribution of cluster sizes 
exhibits equilibrium and nonequilibrium behavior depending on species life 
history.  
 
4.4.7 SHE Analysis 
 Figure 4.4.6 shows SHE analysis of upstream and downstream areas. In 
upstream area Shannon diversity increased in post-monsoon season with value of 
2.64. Comparatively similar tend was observed for specie richness and evenness 
(Fig. 4.4.7a). Comparatively higher value in post-monsoon season might be due to 
favourable climatic conditions that increase the biodiversity in upstream areas. 
Moreover, less human activities further increase the floral diversity in upstream 
areas. 
 
 Figure 4.4.7b shows the SHE analysis of downstream areas. The Shannon 
diversity also increases in post-monsoon season in comparison to pre-monsoon 
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(a) 
 
(b) 
 
Figure 4.4.7:  SHE analysis of plant species in pre and post-monsoon seasons. 
  (a) Upstream and (b) Downstream.        
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season. The species richness also increases in post-monsoon season. The possible 
reason for this was similar to upstream areas, but in downstream areas specie 
evenness decreases, such decrease in evenness was due to less specie number in 
comparison to upstream area diversity. Mana (2005), mentioned SHE analysis as 
an important tool for evaluating specie diversity.  
 
4.5 COMPARISON OF PRE FLOODS AND POST FLOODS FLORAL 
 DIVERSITY 
 The impact of 2010 floods on the floral diversity of the study sites was 
analyzed by comparing the data collected during the vegetation survey with the 
pre-flood data regarding vegetation available in literature and in the baseline 
studies conducted by the World Wide Fund for Nature Pakistan (WWF 2006, 
2008). Comparisons was made using diversity indices, species richness, abundance 
and cluster analysis to estimate the impact of floods on the sites. 
 
4.5.1 Pre-Flood Situation 
 WWF-Pakistan (WWF) conducted the vegetation survey using the similar 
methodology as adapted in the upstream and downstream phytosociological 
analysis of the floral diversity. Total number of 39 plant families with 117 species 
were recorded in the upstream during the vegetation survey conducted by the 
WWF in 2008 (Table 4.5.1a), while in downstream 35 plant species were recorded 
belongs to 18 families (Table 4.5.1b). As the available data was collected in pre- 
monsoon season (2008) and was comprised as the families and their respective 
species number, to avoid error in the results, comparisons was made using the pre- 
78 
 
Table 4.5.1a: Taunsa Pre-Flood Vegetation: The data was obtained from  
  WWF-Pakistan report.  
Taunsa Pre-Flood 
SNo. Families Plant species Local names Life form 
1 Aizoaceae Gisekia pharnaceoides   Herb 
2   Zelya petandra Wasah Herb 
3 Amaranthaceae Achyranthus aspera Puth-Kanda Under-shrub 
4   Aerva javanica Bui Under-shrub 
5   Amaranthus virdis   Herb 
6 Apiaceae Centella asiatica Barhami Buti Herb 
7 Arecaceae Phoenix dactylifera Khajoor Tree 
8 Asclepiadaceae Calotropis procera Ak Shrub 
9   Oxystelma esculentum Van-verri Climber 
10   Leptadenia pyrotechnica Khip Shrub 
11 Asteraceae Xanthium strumarium   Shrub 
12   Cirsium arvense  Leh Under-shrub 
13   Conyza canadensis  Gidar buti Herb 
14   Launea procumbense   Herb 
15   Eclipta alba   Herb 
16   Echinops echinatus  Unt Katara Herb 
17   Eclipta prostrata  Bhangra Herb 
18   Grangea madraspatana Machi Buti Herb 
19   Sonchus asper  Bhatal Herb 
20   Sonchus oleraceus  Bhatal Herb 
21 Boraginaceae Heliotropium europium Kali bui Herb 
22 Capparidaceae Cleome brachycarpa Kastoori Herb 
23   Capparis decidua   Shrub 
24 Caryophyllaceae Vaccaria pyramidita   Herb 
25 Chenopodiaceae Chenopodium album  Bathu Herb 
26   Chenopodium murale Kurund Herb 
27   Rumex dentatus Jangli Palak Herb 
28   Ipomea carnea Chota Ak Shrub 
29   Suaeda fruticosa Kali lani Shrub 
30 Cucubertiaceae Cucumis melo var agrestis Chibbarr Herb 
31 Cuscutaceae Cuscuta reflexa Akash bel Climber 
32 Cyperaceae Juncellus alopecuroides Barra Kaloora Sedge 
33   Fimbristylis hispidula  Chotta Kaloora Sedge 
34   Cyperus rotundus Kaloora, Deela Sedge 
35   Cyperus digitatus Barra Kaloora Sedge 
36   Fimbristylis dichotoma Mid-Kaloora Sedge 
37   Fimbristylis aestivalis Kaloora Sedge 
38   Fimbristylis acuminata Kaloora Sedge 
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39   Cyperus difformis Chota Kaloora Sedge 
40   Eleocharis geniculata Kaloora Sedge 
41   Eleocharis palustris Kaloora Sedge 
42   Eleocharis acutangula Kaloora Sedge 
43   Scirpus maritimus Kaloora Sedge 
44 Equisetaceae Equisetum arvensis   Herb 
45   Equisetum ramosissimum   Herb 
46 Euphorbiaceae Euphorbia prostrata   Herb 
47 Fabaceae Alhagi maurorum  Jawahan Under-shrub 
48   Medicago laciniata var. 
brachycantha  
Mena Herb 
49   Medicago minima  Lusani Herb 
50   Medicago polymorpha Mena Herb 
51   Melilotus alba  Sinji Herb 
52   Melilotus indica  Sinji Herb 
53   Lathyrus aphaca  Jangli Materi Herb 
54   Vicia hirsuta  Jangli Materi Herb 
55   Vicia peregrina  Jangli Materi Herb 
56   Vicia sativa Linn. Jangli Materi Herb 
57   Cicer arientinum Chanay Herb 
58   Lathyrus pratensis   Herb 
69   Lathyrus aphaca   Herb 
60 Fumariaceae Fumaria indica Pit paparra Herb 
61 Labiatae Salvia plebeia Samander Sokh Herb 
62 Lamiaceae Mentha sp   Herb 
63 Malvaceae Abutilon muticum Akarri Shrub 
64   Malva verticellata   Herb 
65 Marsileaceae Marsilia minuta Dadral Buti Herb 
66 Mimosaceae Acacia nilotica Kiker Tree 
67   Acacia farnesiana Kiker Shrub 
68   Acacia jacquemontii Banwali Shrub 
60   Prosopis juliflora Kiker Tree 
70   Albizzia lebbek  Siris Tree 
71 Moraceae Ficus religiosa  Peepal Tree 
72   Ficus bengalensis Bouharr Tree 
73   Morus alba Toot Tree 
74 Nyctaginaceae Commicarpus boisseiri  ----- Herb 
75 Oxalidaceae Oxalis corniculata Dadral Buti Herb 
76 Papilionaceae Dalbergia sisso Shishum Grass 
77 Poaceae Saccharum spontaneum Kai Grass 
78   Saccharum bengalense Sarkanda Grass 
79   Arundo donax Narra Grass 
80   Desmostachya bipinnata  Dhabb, Sirrak Grass 
81   Cynodon dactylon Trappar, khabbal Grass 
82   Echinochloa crus-galli Swanki Ghaa Grass 
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83   Paspalum vaginatum Ghorra Ghaa Grass 
84   Imperata cylindrica Kutti Ghaa Grass 
85   Aristida adscensionis Lumb Grass 
86   Eragrostis barreleri Chloora Grass 
87   Eleusine coracana   Grass 
88   Panicum repens Taloora Grass 
89   Cenchrus setigerus Dhaman Grass 
90   Cymbopogon jwarancusa   Grass 
91   Eleusine indica Ghorra Ghaa Grass 
92   Panicum millaceum  Taloora Grass 
93   Phragmites karka Narra Grass 
94   Ochthochloa compressa Chimber Grass 
95   Polypogon fugax  Dumbi Ghaa Grass 
96   Dactyloctinium scindicum   Grass 
97 Polygonaceae Polygonum glabrum Kala Vera Herb 
98   Polygonum plebejum Indrani buti Herb 
99   Rumex dentatus   Herb 
100 Portulacaceae Potulaca oleracea Lunak Herb 
101 Rananculaceae Rananculus muricatus   Herb 
102 Potamogetonaceae Potamogeton crispus   Herb 
103   Potamogeton pictanatus   Herb 
104 Rhamnaceae Zizyphus mauritiana Beri Tree 
105 Saliaceae Poplus euphratica Bahan Tree 
106 Solanaceae Withania somnifera Aksen Shrub 
107   Solanum nigram  Mako Herb 
108   Solanum surattense  Kandiari Under-shrub 
109   Datura metel Datura Shrub 
110   Datura fastuosa Datura Shrub 
111 Tamaricaceae Tamarix dioca Gazlai or Pilchui Shrub 
112 Typhaceae Typha angustata Drubb, Kundar Herb 
113   Typha domingensis Drubb Herb 
114 Urticaceae Forsskaolea tenacissima   Herb 
115 Verbenaceae Phyla nodiflora Bukan Buti Herb 
116 Zygophylaceae Tribulus longepetalus Bhakharra Herb 
117   Fagonia brugierii Dhmaan Under-shrub 
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Table 4.5.1b: Keti Shah Pre-Flood Vegetation: The data was obtained from  
  WWF-Pakistan report.  
Ketishah Pre-Flood Data 
S. No. Families Plant Specie Life form Habit 
1 Fabaceae Lotus krylovii Therophyte Herb 
2  Medicago lupulina Therophyte Herb 
3  Medicago laciniata Therophyte Herb 
4  Lathyrus aphaca Therophyte Herb 
5  Lathyrus sativa Therophyte Herb 
6  Astragalus fatmensis Chamaephyte Herb 
7  Vicia sativa Therophyte Herb 
8 Meliaceae Azadirachta indica Phanerophyte Tree 
9 Mimosaceae Prosopis glandulosa Phanerophyte Shrub 
10  Acacia nilotica Phanerophyte Tree 
11  Prosopis cineraria Phanerophyte Tree 
12  Prosopis juliflora Phanerophyte Tree 
13 Poaceae Desmostachya 
bipinnata 
Hemicryptophyte Grass 
14  Phragmites karka Cryptophyte Grass 
15 Rhamnaceae Ziziphus nummularia Phanerophyte Shrub 
16 Typhaceae Typha angustata Cryptophyte Herb 
17 Asteraceae Gnaphalium 
polycaulon 
Chamaephyte Herb 
18  Grangea 
maderaspatana 
Chamaephyte Herb 
19  Pulicaria undulate Chamaephyte Herb 
20  Pulicaria boissieri Chamaephyte Herb 
21  Launaea procumbens Chamaephyte Herb 
22 Chenopodiaceae Chenopodium album Therophyte Herb 
23 Cyperaceae Cyperus pygmaeus Hemicryptophyte Sedge 
24  Eleocharis palustris Hemicryptophyte Sedge 
25 Elatinaceae Bergia aestivosa Therophyte Herb 
26 Euphorbiaceae Euphorbia serpens Therophyte Herb 
27  Phyllanthus reticulatus Chamaephyte Shrub 
28 Myrtaceae Eucalyptus 
camaldulensis 
Phanerophyte Tree 
29 Papilionaceae Dalbergia sissoo Phanerophyte Tree 
30 Poaceae Cynodon dactylon Cryptophyte Grass 
31 Ranunculaceae Ranunculus sceleratus Therophyte Herb 
32 Rosaceae Potentilla heynii Therophyte Herb 
33 Salicaceae Populus euphratica Phanerophyte Tree 
34 Tamaricaceae Tamarix sp Phanerophyte Shrub 
35 Verbenaceae Phyla nodiflora Chamaephyte Herb 
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monsoon season data collected during field surveys in 2012 and with the families  
and number of species. In post flood, total 30 plant species was recorded from 16 
families for the upstream and 22 species from 11 different families was recorded in 
downstream (Table 4.5.1c). 
 
4.5.2 Shannon Diversity Index and Evenness 
 Shannon Diversity (H') Index of biodiversity was used to compare the pre-
flood and post-flood floral diversity. In pre-flood studies, it was found that the 
maximum (3.11) H' was found in the upstream and lowest (2.604) H' was 
computed in the downstream areas. Similarly, in post-flood the maximum (2.535) 
diversity was found in the upstream, while the lowest (2.248) was recorded in the 
downstream (Fig. 4.5.2).   
 
 In comparison, the calculated H’ for upstream in pre-flood was found to be 
higher (3.11) than the H’  2.5 5) calculated in the post-flood. Similarly, in the 
downstream, the maximum (2.604) diversity calculated was found during the pre-
flood state and post-flood diversity (2.25) was recorded much lower than the pre-
flood (Fig. 4.5.2). 
 
Table 4.5.2 shows J' of upstream and downstream areas. J’ in pre-flood was 
found to be lower (0.849) in upstream and higher   .9  ) J’ was found in 
downstream. Similarly, in post-flood, maximum J' (0.938) was calculated for the 
downstream in comparison to upstream (J' = 0.914). Comparing pre-flood and post 
flood evenness, it was revealed that the maximum evenness (0.938) was recorded 
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Table 4.5.1c: Pre-Flood and Post-Flood Plant Families and Species Number 
 Taunsa 
Pre-Flood 
Taunsa 
Post-Flood 
Keti Shah 
Pre-Flood 
Keti Shah 
Post-Flood 
Families 39 16 18 11 
Species 117 30 35 22 
 
 
Table 4.5.2:  Pre-Flood and Post-Flood Shannon Index Values and Evenness  
  of Upstream and Downstream Areas. 
Index Upstream (Taunsa) Downstream (Keti Shah) 
Pre-Flood Post-Flood Pre-Flood Post-Flood 
Shannon H'  
Log Base 2.718 
3.111 2.535 2.604 2.248 
Shannon Hmax  
Log Base 2.718 
3.664 2.773 2.89 2.398 
Shannon J' 0.849 0.914 0.901 0.938 
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for downstream in post-flood as compared to upstream (0.849) during the pre-
flood. In upstream, maximum (0.914) J’ was found in the post-flood as compared 
to the pre-flood (0.849) in upstream. Similarly, in downstream, maximum J’ 
(0.938) was recorded in post-flood. 
 
4.5.3 Simpson's Index 
 Figure 4.5.  shows Simpson’s index   /D) of pre and post-floods in 
upstream and downstream areas. In pre-flood, 1/D was found higher (15.855) in  
upstream as compared to the lowest 1/D (14.5) in downstream. Similarly, in post- 
flood, maximum 1/D (14.5) was computed for the upstream while lowest diversity 
(12.833) was found in downstream. Comparing pre-flood and post-flood 
Simpson’s diversity, it was revealed that the maximum 1/D (15.855) was found in 
pre-flood upstream and minimum 1/D (12.833) was recorded in downstream post-
flood conditions. In upstream, maximum (15.855) diversity was found in pre-flood 
and minimum (14.5) was recorded in post-flood. Similarly, in downstream, 
maximum 1/D (14.167) was found in pre-flood and lower 1/D (12.833) was 
calculated in the post-flood (Fig. 4.5.3). 
 
4.5.4 Margalef Index 
 In pre-flood, Margalef index was found higher (7.98) in upstream as 
compared to the downstream (4.782). Similarly, in post-flood, maximum richness 
(4.41) was computed for the upstream while lowest (3.24) was found in 
downstream (Fig. 4.5.4). Comparing pre-flood and post-flood Margalef diversity 
of upstream and downstream found the maximum diversity (7.98) in pre-flood 
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Figure 4.5.2: Pre-Flood and Post-Flood Shannon Index Values of Upstream  
  and Downstream Areas. 
 
Figure 4.5.3: Pre-Flood and Post-Flood Simpson’s Index of Upstream and  
  Downstream Areas. 
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 upstream in comparison to downstream post-flood areas. In upstream, maximum  
(7.98) diversity was found in pre-flood and minimum (4.41) was recorded in post 
flood areas.  
 
4.5.5 Rank Abundance 
 Table 4.5.5 shows rank abundance of upstream and downsteam flooded 
areas. In pre-flood, Poaceae (20) was ranked higher in upstream as compared to the 
Verbenaceae (1) in upstream areas. Similarly, Fabaceae (7) ranked higher in  
downstream and Verbenaceae (1) was found in the last. In post-flood, Poaceae (6) 
was ranked at top in upstream while Verbenaceae (1) was ranked at the bottom. 
Similarly, Asteraceae (4) was ranked higher in downstream whereas Verbenaceae 
(1) was found again at base. 
 
 Comparing pre-flood and post-flood ranking of the families for upstream 
and downstream, the top ranked family was Poaceae (20) in upstream pre-flood 
area while the lowest ranked was Verbenaceae (1) family. In upstream, Poaceae 
and Fabaceae was ranked high in pre-flood while Poaceae followed by Asteraceae 
at top in post-flood area. Whereas, Verbenaceae was at end in pre-flood and post 
flood. Similarly, in downstream area Fabaceae and Asteraceae was ranked higher 
in pre-flood while Asteraceae followed by Fabaceae at top in post-flood. 
 
4.5.6 Rarefaction 
 Figure 4.5.6 shows the rarefaction of upstream and downstream areas. In 
upstream, 39 families were collected with 117 species in pre-flood season while 16 
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Figure 4.5.4: Pre-Flood and Post-Flood Margalef Index of upstream and  
  downstream areas.  
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(a) 
 
Figure 4.5.5:  Rank Abudance of Upstream and Downstream flooded areas.  
  (a) Taunsa Pre and Post-Flooded areas. (b) Keti Shah Pre and  
  Post-Flooded areas. 
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(b) 
 
Figure 4.5.5:  Rank Abudance of Upstream and Downstream flooded areas.  
  (a) Taunsa Pre and Post-Flooded areas. (b) Keti Shah Pre and  
  Post-Flooded areas. 
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families were found with 30 species in post-flood. The number of species expected  
in the pre flood was little greater than in the post-flood when the richness of the 2 
situations were rarefied to the same numbers of individuals as found in post-flood. 
Similar results was computed for the downstream pre-flood season and post-flood 
as expected number of species was found more in the pre-flood when rarefied to 
the same number of individuals. 
 
 Comparing upstream and downstream it was found that the expected 
number of species were little greater than the downstream when rarefied to the 
same number of the individuals. Similar results was found for the pre-flood and  
post-flood seasons of the upstream and downstream, as the expected number of 
species were little more in the pre and post-flood seasons of the upstream as 
compared to the pre and post-flood seasons of the downstream. 
 
4.5.7 Cluster Analysis or Similarity Index 
 Figure 4.5.7 shows cluster dendogram of upstream and downstream 
flooded areas. Results shows that in upstream area, there was a 40.82 percent 
similarity in the species composition between the pre-flood and post-flood, while 
there was 70.18 percent similarity between pre-flood and post-flood seasons in the 
downstream. Cluster between upstream pre-flood and downstream pre-flood was 
39.5 percent, while upstream post-flood was 76.923 percent similar in species 
composition with the downstream post-flood season. The less similarity 30.22 
percent was observed for the upstream pre-flood and downstream post-flood areas 
(Table 4.5.7). 
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 In recent time, advanced multivariate techniques of ordination and cluster 
analysis had been routinely used in many countries across world. In Pakistan these 
techniques were utilized in early 7 ’s (Ahmed 1973, 1976; Shaukat and Qadir 
1971). Shaukat (1994) conducted a multivariate analysis of the niches and guild 
structure of plant populations in a desert landscape using principal component 
analysis. Enright et al., (2005) described the desert vegetation and vegetation-
environment relationship in Kirther National Park, Sindh, Pakistan using 
classification (TWINSPAN) and ordination (nonmetric multidimensional scaling 
NMDS) techniques. Malik and Husain (2007) discovered the invasion of 
Broussoneta papyrifera on the native scrub forest at the Himalayan foothills, 
Islamabad, using hierarchical agglomerative cluster analysis for species 
assemblage pattern and ordination techniques like Detrended correspondence 
analysis and Canonical correspondence analysis to established the relationship with 
the underlying environmental gradients. Wazir et al., (2008) and Saima et al., 
(2009) used cluster analysis for the study of vegetation of Chapursan valley 
(Gilgit), Ayub and Ayubia national Parks, respectively.  
 
 Available riparian research about factors controlling the diversity and 
composition of riparian vegetation is largely aimed towards stream-related 
processes, such as disturbance and stress caused by flooding (Lite et al., 2005; Poff 
et al., 1997). Flooding have both positive and negative effects on specie 
composition in pre and post flood conditions. The specie diversity varies during 
flooding season and extremely effected during super flooding. During these 
extreme conditions the dorminant plant species survived but the non-dorminant 
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Figure 4.5.6:  Rarefaction or Estimated Richness of Upstream and   
  Downstream Pre and Post-Flooded Areas. 
 
  
 
Figure 4.5.7:  Bray - Curtis Cluster Dendrogram Showing Specie Similarity  
  Index in Upstream and Downstream Flooded Areas. 
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Table 4.5.7:   Pre Flood and Post Flood Cluster Analysis in Upstream and  
  Downstream Flooded Areas 
Step Clusters Distance Similarity Joined 1 Joined 2 
1 3 23.07 76.92 2 4 
2 2 29.82 70.17 2 3 
3 1 59.18 40.81 1 2 
Similarity 
Matrix 
     
 Taunsa 
Pre-Flood 
Taunsa 
Post-Flood 
Keti Shah 
Pre-Flood 
Keti Shah 
Post -Flood 
 
Taunsa 
Pre-Flood 
* 40.81 39.47 30.22  
Taunsa 
Post-Flood 
* * 64.61 76.92  
Keti Shah 
Pre-Flood 
* * * 70.18  
Keti Shah 
Post-Flood 
* * * *  
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plant species vanished and putting some stress to ecosystem and require years to 
reclaim the damaged ecosystem.  
  
4.5.8 SHE Analyis 
 Figure 4.5.8 shows SHE analysis of pre and post-flooded areas. In upstream 
area Shannon diversity was almost same for both pre and post-flooded areas (3.11 
and 3.09). Comparatively similar trend was observed for both richness and 
evenness (Fig. 4.5.8a). The higher values in SHE analysis might due to favourable 
climatical conditions for specie growth. This favourable condition also increases 
plant biodiversity. 
 
Figure 4.5.8b shows SHE analysis of downstream flooded areas. The 
Shannon diversity decreases in post-flooded season (2.58) in comparison to pre-
flood season (2.60).  Similarly, richness and evenness also decreases in post-
flooded season in comparison to post-flooded season. In pre-flooded season 
number of plant species were more and evenly distributed. The super floods of 
2010 have great impact on specie biodiversity. The decrease in biodiversity can 
easily be judged from SHE analysis presented in Figure 4.5.8. 
 
4.6 EDAPHOLOGY 
4.6.1 Soil Collection 
 Composite soil samples was taken at 15 cm depth from at least five elected 
transects from each site during vegetation sampling in upstream and downstream 
areas. About one kilogram of soil was packed in polythene bags, properly labelled 
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(a) 
 
 
(b) 
 
Figure 4.5.8: SHE Analysis of Plant Species in Pre and Post-Flood areas. (a)  
  Upstream and (b) Downstream.   
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and analysed for physical and chemical parameters. 
 
4.6.2 Soil Analysis 
  The physical and chemical analysis of soils were conducted using the 
standard methods described by Hussain (1989), Jackson and Barak (2005) and 
Haluschak (2006). The samples were analyzed for textural analysis, electrical 
conductivity, pH, phosphorus, calcium, magnesium, sodium and potassium accord- 
ing to the standard methods of soil analysis (Haluschak, 2006). 
 
4.6.3 Soil Analysis of Upstream Areas 
 The soil of upstream areas varied from clay to sandy loam during pre-
monsoon season, in comparison to post-monsoon season, the soil texture varied 
from loam to sandy loam (Table 4.6.3a and b). The pH of soil in both seasons 
remain alkaline and varied between 7.0 to 8.2. The electrical conductivity (E.C.) 
slightly increases in post-monsoon season (E.C. 2.35 ds/m) in comparison to pre-
monsoon season. In pre-monsoon season the average E.C. was 2.12 ds/m. The 
micromineral analysis shows increased concentrations of minerals in pre-mosoon 
season, in comparison to post-mosoon season. The available phosphorus (P) 
decreased from 3.26 to 2.93 ppm during post-monsoon season in upstream areas. 
Likewise, potassium (K) also decreased from 154 to 143 ppm in post-monsoon 
season. The detail profile of microminerals were presented in Table 4.6.3a and b. 
The results of this study lies well with the study of Akpoveta et al., (2014). They 
evaluated the post flooding effect on soil quality in Nigeria. There results proved 
that flooding have negative effect on soil quality parameter, the flooding decreased 
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the available P in the soil and also effects the soil micromineral profile. The 
flooding also increases the pH of soil and makes it alkaline. The alkalinity of soil 
reduces the amount of available metal cations, since most of the metal cations are 
soluble at low pH (Radojevic and Bashkin 1999). 
 
4.6.4 Soil Analysis of Downstream Areas 
 The soil of downstream areas varied from loam to sandy loam during pre-
monsoon season, while the soil texture in post-monsoon season varied from loam 
to clay loam. The soil texture of downstream areas were comparatively similar to 
upstream areas. The pH also varies from 7.0 to 8.3 during both pre and post-
monsoon season (Table 4.6.4a and b). The electrical conductivity (E.C.) slightly 
increases in post-monsoon season (E.C. 1.01 ds/m) in comparison to pre-monsoon 
season (E.C. 0.873 ds/m).  
 
The micromineral analysis also shows increased concentrations of minerals 
in pre-mosoon season, in comparison to post-mosoon season in downstream areas. 
The available P decreases from 3.44 to 3.34 ppm during post-monsoon season in 
downstream areas. K content slightly increases from 131.8 to 136.2 ppm in post-
monsoon season. The content of calcium (Ca) and magnesium (Mg) also decreases 
during post-monsoon season.  
 
Previous study by WWF (2008) in Keti Shah Forest reported soil texture as 
loam. They reported slightly low E.C. of 0.85 ds/m in all sampled areas. The 
amount of available P calculated in this study compares well with WWF (2008). 
They reported P content in Keti Shah Forest as 3.6 ppm. 
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Table 4.6.3:    Soil anlysis of upstream areas (a) pre-monsoon season (b) post- 
  monsoon season. 
(a) 
No. pH E.C. 
 
P K Ca Mg Na Texture 
  
(ds/m) (ppm) (ppm) meq/1 meq/1 meq/1 
 1 8.1 2.40 2.87 260 0.67 1.26 0.52 Clayey 
2 7.8 2.70 6.78 222 1.16 1.04 0.58 Clayey 
3 7.8 2.30 3.85 166 1.22 0.79 0.29 Clay Loam 
4 7.9 1.90 1.35 80 0.92 0.81 0.17 Sandy Loam 
5 8.2 1.30 1.45 42 0.72 0.31 0.27 Sandy Loam 
Average 7.96 2.12 3.26 154 0.938 0.842 0.366 
  
(b) 
No. pH E.C. 
 
P K Ca Mg Na Texture 
  
(ds/m) (ppm) (ppm) meq/1 meq/1 meq/1 
 1 8.1 2.60 3.04 115 0.71 0.51 1.6  Loamy sand 
2 7.9 2.10 2.68 124 1.04 0.96 0.1 Loam 
3 8.2 1.98   6.40 98   0.78 0.50 0.34 Sandy Loam 
4 8.0   2.40 1.34 175 0.68 1.42 0.39 Clay Loam 
5 7.8 2.70 1.20 205 1.26 1.34 0.25 Clay Loam 
Average 8.0 2.36 2.93 143.4 0.89 0.95 0.25 
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Table 4.6.4:   Soil anlysis of downstream areas (a) pre-monsoon season (b)  
  post-monsoon season. 
(a) 
No. pH E.C. P K Ca Mg Na Texture 
  
(ds/m) (ppm) (ppm) meq/1 meq/1 meq/1 
 1 8.3 0.88 3.4 134 0.65 1.21 0.55 Loam 
2 7.9 0.92 2.9 125 1.05 0.98 0.42 Loam 
3 7.5 0.86 3 120 1.15 0.75 0.25 Clay Loam 
4 8.1 0.75 3.3 145 0.75 0.82 0.78 Sandy Loam 
5 8.2 0.95 4.1 135 0.65 0.35 0.31 Sandy Loam 
Average 8 0.872 3.34 131.8 0.85 0.822 0.462 
  
(b) 
No. pH E.C. P K Ca Mg Na Texture 
  
(ds/m) (ppm) (ppm) meq/1 meq/1 meq/1 
 1 8.2 1.23 3.5 142 0.71 1.1 0.46 Loam 
2 7.8 0.95 2.8 134 1.04 0.96 0.39 Clay Loam 
3 8.1 0.98 3.1 128 0.96 0.65 0.34 Sandy Loam 
4 7.7 0.8 3.6 137 0.68 0.9 0.65 Clay Loam 
5 7.9 1.1 4.2 140 0.75 0.4 0.25 Clay Loam 
Average 7.94 1.012 3.44 136.2 0.828 0.802 0.418 
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SUMMARY 
 
 The study was conducted to investigate riverine vegetation dynamics in low 
riparian zone of River Indus abruptly destroyed by the 2010 floods. The work 
evaluates phytosociological studies for delineation of plant communities of low 
riparian zone of River Indus. The results conclude that the floral diversity was 
more in upstream (Taunsa Wildlife Sanctuary) in comparison to downstream (Keti 
Shah Forest, Sukkur). Total 14,259 plant individuals were recorded which belong 
to 54 plant species and 18 different families. In Taunsa pre-monsoon survey total 
30 plant species was found with 4476 number of plants from 16 different families, 
in Taunsa post monsoon survey total 3348 number of plants recorded from 20 
plant species and 9 families. Similarly, in Keti Shah Forest total 3975 individual 
were recorded from 22 species and 11 families during the pre-monsoon season and 
2460 plants recorded in post-monsoon season belongs to 16 species and 10 
families. The biodiversity in upstream and downstream areas was rich in pre-
monsoon season as compared to post-monsoon season. 
  
 The impact of 2010 floods on the floral diversity of the study sites was 
analyzed by using diversity indices, species richness, abundance and cluster 
analysis to estimate the impact of floods on the sites. The results concluded that in 
upstream areas about 60% plant families eliminated after 2010 floods, with 75% 
species lost. In comparison to downstream about 40% plant families eliminated 
due to floods, with 37% species lost. The more lost in plant biodiversity in 
upstream was due to high intensity of floods as compared to downstream. The 
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above difference was due to land elevation that makes upstream areas more prone 
to climatical factors in comparison to downstream areas.  
 
 Present study is useful as it derived the floral diversity and plant 
composition in riveriene area. It depict the loss of vegetation due to floods and 
water over flow. This study is useful for management of the area as conservation 
strategies can be made through this study while considering the adaptive tree 
specie in future plantation and endangered species can be conserved. Biodiversity 
loss can be minimized while focusing on the loss of species and family. Gene bank 
conservation stratigies need to be formulated so that total elimination of families 
and species can be minimized. In future, the specie lost can be controlled through 
either replanting activities or imposing ban on illicit cutting. Moreover, shifiting 
cultiviation or land conservation should be banned in the riparian forest.  
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APPENDICES 
Appendix 1: Phenology and Life Form of Taunsa Pre-monsoon Season 
Species Phenology Life Form 
Conyza canadansis  Flowering Chamaephytes 
Eclipta prostrata  Flowering Chamaephytes 
Launea procumbense    Flowering Chamaephytes 
Medicago spp Flowering Chamaephytes 
Phyla nodiflora Flowering Chamaephytes 
Polygonum plabejum  Flowering Chamaephytes 
Mentha sp  Seedling Chamaephytes 
Oxystlma esculentum  Dormant Cryptophytes 
Cyprus rotendus Flowering Cryptophytes 
Typha angustata Flowering Cryptophytes 
Cynodon dactylon  Fruiting Cryptophytes 
Saccharum bengalense Dormant Hemicryptophytes 
Fimbristylis hispidula Seedling Hemicryptophytes 
Sacchrum spontaneum  Seedling Hemicryptophytes 
Calotrpis procera Flowering Phanerophytes 
Dalbergia sissoo Flowering Phanerophytes 
Populus euphratica Flowering Phanerophytes 
Arundo donax Fruiting Phanerophytes 
Acacia nilotica Seedling Phanerophytes 
Tamarix dioca Seedling Phanerophytes 
Zizyphus mauritiana Seedling Phanerophytes 
Equisetum arvense  Flowering Therophytes 
Equisetum sp Flowering Therophytes 
Grangia madraspatana  Flowering Therophytes 
Imperata cylindrica Flowering Therophytes 
Lythyrus aphaca Flowering Therophytes 
Malelotous spp  Flowering Therophytes 
Maliolotus alba Flowering Therophytes 
Ranuncalus muricatus  Flowering Therophytes 
Polypogan fugax Seedling Therophytes 
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Appendix 2: Phenology and Life Form of Taunsa Post-monsoon Season 
Species Phenology Life Form 
Launea procumbense Dormant Chamaephytes 
Cynodon dactylon Dormant Cryptophytes 
Cyperus rotundus Fruiting Cryptophytes 
Desmostachya bipinnata Fruiting Cryptophytes 
Typha angustata Fruiting Cryptophytes 
Oxystelma esculantum Seedling Cryptophytes 
Juncellus alopecuroides Dormant Hemicryptophytes 
Fimbristylis hispidula Flowering Hemicryptophytes 
Saccharum bengalense Flowering Hemicryptophytes 
Paspalum vaginatum Fruiting Hemicryptophytes 
Saccharum spontaneum Fruiting Hemicryptophytes 
Arundo donax Dormant Phanerophytes 
Populus euphratica Dormant Phanerophytes 
Tamarix dioca Flowering Phanerophytes 
Acacia nilotica Fruiting Phanerophytes 
Calotropis procera Fruiting Phanerophytes 
Imperata cylindrical Dormant Therophytes 
Echinochloa crus-galli Fruiting Therophytes 
Herpestis monniera Fruiting Therophytes 
Eleusine indica Dormant Therophytes 
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Appendix 3: Phenology and Life Form of Keti Shah Pre-monsoon Season 
Species Phenology Life Form 
Eclipta prostrata Flowering Chamaephytes 
Launaea procumbens Flowering Chamaephytes 
Medicago laciniata Flowering Chamaephytes 
Medicago lupulina Flowering Chamaephytes 
Phyla nodiflora Flowering Chamaephytes 
Pulicaria biossieri Seedling Chamaephytes 
Cynodon dactylon Dormant Cryptophytes 
Oxystelma esculentum Dormant Cryptophytes 
Cyperus sp Flowering Cryptophytes 
Phragmites karka Flowering Cryptophytes 
Typha sp Flowering Cryptophytes 
Saccharum benghalense Dormant Hemicryptophytes 
Fimbristylis dichotoma Seedling Hemicryptophytes 
Prosopis cineraria Dormant Phanerophytes 
Populus euphratica Flowering Phanerophytes 
Acacia nilotica Seedling Phanerophytes 
Tamarix indica Seedling Phanerophytes 
Tamarix sp Seedling Phanerophytes 
Grangea maderaspatana Flowering Therophytes 
Lotus krylovii Flowering Therophytes 
Melilotus indica Flowering Therophytes 
Ranunculus sceleratus Flowering Therophytes 
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Appendix 4: Phenology and Life Form of Keti Shah Post-monsoon Season 
Species Phenology Life Form 
Launaea procumbens Dormant Chamaephytes 
Phyla nodiflora Dormant Chamaephytes 
Eclypta prostata Fruiting Chamaephytes 
Mukia maderaspatana Fruiting Chamaephytes 
Cynodon dactylon Dormant Cryptophytes 
Cyperus rotundus Dormant Cryptophytes 
Oxystelma esculentum Seedling Cryptophytes 
Fimbristylis bisumbellata Flowring Hemicryptophytes 
Saccharum spontaneum Fruiting Hemicryptophytes 
Populus euphratica Dormant Phanerophytes 
Prosopis cineraria Flowring Phanerophytes 
Prosopis glandulosa Flowring Phanerophytes 
Tamarix indica Flowring Phanerophytes 
Acacia nilotica Fruiting Phanerophytes 
Alhagi mourorum Fruiting Phanerophytes 
Eriocloa colona Fruiting Therophytes 
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Appendix 5: Phenology of Study Areas 
Phenology 
Taunsa Pre-
Monsoon 
Taunsa Post-
Monsoon 
Keti Shah 
Pre-Monsoon 
Keti Shah 
Post-Monsoon 
Seedling (S) 7 1 5 1 
Flowering (FL) 19 3 13 4 
Fruiting (Fr) 2 9   7 
Dormant 2 7 4 4 
 Total 30 20 22 16 
 
 
Appendix 6: Life Forms of Study Areas 
Life Form 
Taunsa Pre-
Monsoon 
Taunsa Post-
Monsoon 
Keti Shah 
Pre-Monsoon 
Keti Shah 
Post-Monsoon 
Phanerophytes  7 5 5 6 
Chamaephytes  7 1 6 4 
Cryptophytes  4 5 5 3 
Hemicryptophytes  3 5 2 2 
Therophytes  9 4 4 1 
 Total 30 20 22 16 
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Appendix 7: Phytosociological Data of Taunsa Pre-monsoon 
Species F % D  C %  R.F. R.D. R.C. I.V. SDR 
Acacia nilotica  15.84 0.29 6.51 6.21 4.05 7.33 17.59 5.86 
Arundo donax 1.67 0.03 0.23 0.56 0.23 0.26 1.05 0.35 
Calotrpis procera 3.33 0.08 0.33 1.00 0.72 0.47 2.19 0.73 
Conyza camadasis  0.83 0.03 0.02 0.19 0.22 0.02 0.44 0.15 
Cynodon dactylon  59.17 2.42 19.40 18.84 23.58 23.88 66.30 22.10 
Cyprus rotendus  8.34 0.26 0.99 2.81 2.57 1.24 6.63 2.21 
Dalbergia sissoo 0.83 0.02 0.28 0.23 0.15 0.41 0.79 0.26 
Eclipta prostrata  0.83 0.03 0.01 0.20 0.19 0.01 0.40 0.13 
Equisetum arvense  1.67 0.05 0.02 0.44 0.42 0.02 0.89 0.30 
Equisetum sp 2.50 0.08 0.17 0.62 0.50 0.20 1.33 0.44 
Fimbristylis hispidula  2.50 0.10 0.14 0.77 0.89 0.15 1.82 0.61 
Grangia madraspatana  4.17 0.15 0.40 1.22 1.27 0.45 2.94 0.98 
Imperata cylindrica  32.50 1.23 8.68 10.16 11.94 10.17 32.26 10.75 
Launea procumbense    15.00 0.38 0.91 4.41 3.55 1.25 9.21 3.07 
Lythyrus aphaca 0.83 0.03 0.03 0.24 0.19 0.03 0.47 0.16 
Malelotous spp  1.67 0.04 0.04 0.38 0.28 0.04 0.70 0.23 
Meliolotus alba  4.17 0.19 0.45 1.15 1.46 0.52 3.13 1.04 
Medicago spp 1.67 0.05 0.04 0.38 0.33 0.05 0.77 0.26 
Mentha sp  0.83 0.03 0.02 0.19 0.22 0.02 0.43 0.14 
Oxystlma esculentum  0.83 0.02 0.01 0.20 0.12 0.01 0.33 0.11 
Phyla nodiflora  10.00 0.27 0.54 3.05 2.65 0.64 6.34 2.11 
Polygonum plabejum  2.50 0.09 0.58 0.58 0.61 0.64 1.83 0.61 
Polypogan fugax  13.33 0.45 3.00 3.63 3.65 3.35 10.62 3.54 
Populus euphratica 5.00 0.07 1.49 1.85 0.83 1.57 4.25 1.42 
Ranuncalus muricatus  0.83 0.03 0.01 0.19 0.17 0.01 0.37 0.12 
Saccharum bengalense 6.67 0.13 1.20 2.59 1.62 1.43 5.64 1.88 
Saccharum spontaneum  51.67 1.69 23.67 20.04 22.61 26.71 69.35 23.12 
Tamarix dioca  40.84 1.01 15.83 16.73 13.40 17.75 47.88 15.96 
Typha angustata 1.67 0.08 1.11 0.91 1.50 1.20 3.61 1.20 
Zizyphus mauritiana 0.83 0.01 0.12 0.23 0.08 0.17 0.47 0.16 
F = Frequency, D = Density, C = Cover, R.F. = Relative Frequency,  
R.C. = Relative Cover, R.D. = Relative Density, I.V. = Importance Value,  
SDR = Summed Dominance Ratio  
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Appendix 8: Phytosociological Data of Taunsa Post-monsoon 
Species F % D C % R.F. R.D R.C. I.V. SDR 
Acacia nilotica 12.50 0.18 4.81 5.15 2.78 6.06 13.99 4.66 
Arundo donax 0.83 0.02 0.18 0.31 0.24 0.23 0.78 0.26 
Calotropis procera  5.00 0.08 0.45 2.04 1.07 0.67 3.78 1.26 
Cynodon dactylon 30.34 1.00 8.72 12.05 13.69 12.62 38.36 12.79 
Cyperus rotundus 1.67 0.05 0.21 0.74 0.77 0.36 1.87 0.62 
Desmostachya bipinnata 17.50 0.66 6.92 6.95 8.73 8.53 24.21 8.07 
Echinochloa crus-galli  1.67 0.04 0.07 0.63 0.53 0.08 1.23 0.41 
Eleusine indica 8.33 0.29 3.15 3.50 3.99 3.82 11.32 3.77 
Fimbristylis hispidula 15.84 0.47 4.83 5.80 5.74 6.38 17.92 5.97 
Herpestis monniera  9.17 0.25 0.27 3.56 3.31 0.37 7.23 2.41 
Imperata cylindrica 15.84 0.54 4.39 5.97 6.66 5.80 18.43 6.14 
Juncellus alopecuroides 4.17 0.18 1.87 1.56 2.50 2.42 6.48 2.16 
Launea procumbense 1.67 0.04 0.23 0.77 0.71 0.47 1.95 0.65 
Oxystelma esculantum 5.92 0.13 0.29 2.50 1.95 0.39 4.85 1.62 
Paspalum vaginatum 12.50 0.45 2.76 4.88 5.93 3.49 14.29 4.76 
Populus euphratica 3.33 0.04 0.72 1.49 0.70 0.91 3.09 1.03 
Saccharum bengalense 2.50 0.06 0.26 1.35 1.12 0.31 2.78 0.93 
Saccharum spontaneum 45.84 1.50 21.33 20.31 23.82 26.67 70.80 23.60 
Tamarix dioca 37.50 0.77 14.02 16.43 12.19 17.53 46.14 15.38 
Typha angustata 10.00 0.23 2.44 4.03 3.57 2.88 10.49 3.50 
F = Frequency, D = Density, C = Cover, R.F. = Relative Frequency,  
R.C. = Relative Cover, R.D. = Relative Density, I.V. = Importance Value,  
SDR = Summed Dominance Ratio 
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Appendix 9: Phytosociological Data of Keti Shah Pre-monsoon 
Species F % D C % R.F. R.D R.C. I.V. SDR 
Acacia nilotica 25.00 0.42 6.11 7.83 4.48 6.39 18.70 6.23 
Cynodon dactylon 31.25 1.36 10.90 8.82 13.89 13.99 36.70 12.23 
Cyperus sp 2.08 0.06 0.02 0.45 0.51 0.03 0.98 0.33 
Eclipta prostrata 2.08 0.04 0.05 0.48 0.34 0.06 0.89 0.30 
Fimbristylis dichotoma 6.25 0.13 0.15 1.44 1.04 0.22 2.70 0.90 
Grangea maderaspatana 10.42 0.19 0.38 3.27 2.25 0.52 6.04 2.01 
Launaea procumbens 31.25 0.75 1.24 10.08 8.47 1.50 20.05 6.68 
Lotus krylovii 6.25 0.08 0.13 1.34 0.68 0.16 2.18 0.73 
Medicago laciniata 12.50 0.21 1.06 2.68 1.69 1.38 5.75 1.92 
Medicago lupulina 8.33 0.15 0.58 1.79 1.18 0.76 3.73 1.24 
Melilotus indica 2.08 0.02 0.04 0.83 0.26 0.06 1.16 0.39 
Oxystelma esculentum 2.08 0.02 0.01 0.69 0.28 0.02 1.00 0.33 
Phragmites karka 45.84 2.13 13.92 14.39 22.83 19.33 56.55 18.85 
Phyla nodiflora 37.50 0.94 2.21 10.69 9.52 2.80 23.01 7.67 
Populus euphratica 8.34 0.10 0.95 2.61 1.16 1.03 4.80 1.60 
Prosopis cineraria 2.08 0.04 0.83 0.83 0.51 1.44 2.78 0.93 
Pulicaria boissieri 4.17 0.08 0.10 0.93 0.69 0.14 1.76 0.59 
Ranunculus sceleratus 6.25 0.15 0.38 1.79 1.51 0.47 3.76 1.25 
Saccharum bengalense 25.00 0.90 9.77 8.36 10.72 10.74 29.82 9.94 
Tamarix indica 33.33 0.75 14.04 10.81 8.29 16.73 35.82 11.94 
Tamarix sp 18.75 0.48 11.65 6.07 6.07 14.42 26.57 8.86 
Typha sp 14.58 0.38 6.14 3.82 3.62 7.82 15.27 5.09 
F = Frequency, D = Density, C = Cover, R.F. = Relative Frequency,  
R.C. = Relative Cover, R.D. = Relative Density, I.V. = Importance Value,  
SDR = Summed Dominance Ratio 
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Appendix 10: Phytosociological Data of Keti Shah Pre-monsoon 
Species F % D C % R.F. R.D R.C. I.V. SDR 
Acacia nilotica 33.34 0.73 17.56 15.52 12.20 19.33 47.05 15.68 
Alhagi mourorum 4.17 0.10 0.68 1.92 2.40 1.21 5.53 1.84 
Cynodon dactylon 31.25 1.02 6.56 13.11 15.49 8.08 36.69 12.23 
Cyperus rotundus 8.34 0.15 0.31 3.30 1.98 0.38 5.66 1.89 
Eclipta prostata 2.08 0.02 0.08 0.74 0.26 0.09 1.08 0.36 
Eriocloa colona 12.50 0.65 5.43 5.56 9.88 5.98 21.42 7.14 
Fimbristylis bisumbellata 2.08 0.04 0.37 0.89 0.56 0.42 1.88 0.63 
Launaea procumbens 31.25 0.65 3.20 13.31 10.58 4.30 28.20 9.40 
Mukia maderaspatana 2.08 0.02 0.06 0.74 0.26 0.07 1.06 0.35 
Oxystelma esculentum 4.17 0.08 0.34 1.85 1.26 0.38 3.49 1.16 
Phyla nodiflora 2.08 0.04 0.06 0.89 0.56 0.07 1.52 0.51 
Populus euphratica 2.08 0.02 0.40 0.96 0.45 0.41 1.83 0.61 
Prosopis cineraria 18.75 0.27 7.51 8.87 4.91 9.46 23.24 7.75 
Prosopis glandulosa 2.08 0.02 0.21 0.96 0.35 0.23 1.55 0.52 
Saccharum spontaneum 29.17 1.48 19.28 12.54 23.18 21.95 57.67 19.22 
Tamarix indica 41.67 0.96 23.40 18.83 15.67 27.64 62.13 20.71 
F = Frequency, D = Density, C = Cover, R.F. = Relative Frequency,  
R.C. = Relative Cover, R.D. = Relative Density, I.V. = Importance Value,  
SDR = Summed Dominance Ratio  
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Appendix 11: Species Data of the Study Areas 
Species 
Taunsa Pre-
Monsoon 
Taunsa Post-
Monsoon 
Keti Shah Pre-
Monsoon 
Keti Shah Post-
Monsoon 
Acacia nilotica  140 84 170 160 
Alhagi mourorum 0 0 0 50 
Arundo donax 12 8 0 0 
Calotropis procera  40 36 0 0 
Conyza camadasis  16 0 0 0 
Cynodon dactylon  1164 480 550 490 
Cyperus sp 0 0 30 0 
Cyprus rotendus  124 24 0 70 
Dalbergia sissoo 8 0 0 0 
Desmostachya bipinnata 0 316 0 0 
Echinochloa crus-galli  0 20 0 0 
Eclipta prostrata  12 0 20 10 
Eleusine indica 0 140 0 0 
Equisetum arvense  24 0 0 0 
Equisetum sp 36 0 0 0 
Eriocloa colona 0 0 0 310 
Fimbristylis bisumbellata 0 0 0 20 
Fimbristylis dichotoma 0 0 60 0 
Fimbristylis hispidula  48 224 0 0 
Grangia madraspatana  72 0 90 0 
Herpestis monniera  0 120 0 0 
Imperata cylindrica  592 260 0 0 
Juncellus alopecuroides 0 84 0 0 
Launea procumbense    184 20 310 270 
Lotus krylovii 0 0 40 0 
Lythyrus aphaca 12 0 0 0 
Medicago laciniata 0 0 100 0 
Medicago lupulina 0 0 70 0 
Medicago spp 24 0 0 0 
Melilotous spp  20 0 0 0 
Melilotus indica 0 0 10 0 
Meliolotus alba  92 0 0 0 
Mentha sp  16 0 0 0 
Mukia maderaspatana 0 0 0 10 
Oxystlma esculentum  8 64 10 40 
Paspalum vaginatum 0 216 0 0 
Phragmites karka 0 0 890 0 
Phyla nodiflora  128 0 380 20 
Polygonum plabejum  44 0 0 0 
Polypogan fugax  216 0 0 0 
Populus euphratica 32 20 40 10 
Prosopis cineraria 0 0 20 30 
Prosopis glandulosa 0 0 0 10 
Pulicaria boissieri 0 0 35 0 
Ranuncalus muricatus  12 0 0 0 
Ranunculus sceleratus 0 0 60 0 
Saccharum bengalense 64 28 390 0 
Saccharum spontaneum  812 720 0 650 
Tamarix dioca 484 372 0 0 
Tamarix indica 0 0 340 310 
Tamarix sp 0 0 210 0 
Typha angustata 36 112 0 0 
Typha sp 0 0 150 0 
Zizyphus mauritiana 4 0 0 0 
 Total 4476 3348 3975 2460 
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Appendix 12: Species Rank Abundance Data of the pre-monsoon and Post-monsoon Seasons of the Study Areas 
Taunsa Pre-Monsoon Taunsa Post-Monsoon Keti Shah Pre-Monsoon Keti Shah Post-Monsoon 
Cynodon dactylon 1164 Saccharum spontaneum 720 Phragmites karka 890 Saccharum spontaneum 650 
Saccharum spontaneum 812 Cynodon dactylon 480 Cynodon dactylon 550 Cynodon dactylon 490 
Imperata cylindrica 592 Tamarix dioca 372 Saccharum bengalense 390 Eriocloa colona 310 
Tamarix dioca 484 Desmostachya bipinnata 316 Phyla nodiflora 380 Tamarix indica 310 
Polypogan fugax 216 Imperata cylindrica 260 Tamarix indica 340 Launea procumbense 270 
Launea procumbense 184 Fimbristylis hispidula 224 Launea procumbense 310 Acacia nilotica 160 
Acacia nilotica 140 Paspalum vaginatum 216 Tamarix sp 210 Cyprus rotendus 70 
Phyla nodiflora 128 Eleusine indica 140 Acacia nilotica 170 Alhagi mourorum 50 
Cyprus rotendus 124 Herpestis monniera 120 Typha sp 150 Oxystlma esculentum 40 
Meliolotus alba 92 Typha angustata 112 Medicago laciniata 100 Prosopis cineraria 30 
Grangia madraspatana 72 Acacia nilotica 84 Grangia madraspatana 90 Fimbristylis bisumbellata 20 
Saccharum bengalense 64 Juncellus alopecuroides 84 Medicago lupulina 70 Phyla nodiflora 20 
Fimbristylis hispidula 48 Oxystlma esculentum 64 Fimbristylis dichotoma 60 Eclipta prostrata 10 
Polygonum plabejum 44 Calotropis procera 36 Ranunculus sceleratus 60 Mukia maderaspatana 10 
Calotropis procera 40 Saccharum bengalense 28 Lotus krylovii 40 Populus euphratica 10 
Equisetum sp 36 Cyprus rotendus 24 Populus euphratica 40 Prosopis glandulosa 10 
Typha angustata 36 Echinochloa crus-galli 20 Pulicaria boissieri 35 Arundo donax 0 
Populus euphratica 32 Launea procumbense 20 Cyperus sp 30 Calotropis procera 0 
Equisetum arvense 24 Populus euphratica 20 Eclipta prostrata 20 Conyza camadasis 0 
Medicago spp 24 Arundo donax 8 Prosopis cineraria 20 Cyperus sp 0 
Melilotous spp 20 Alhagi mourorum 0 Melilotus indica 10 Dalbergia sissoo 0 
Conyza camadasis 16 Conyza camadasis 0 Oxystlma esculentum 10 Desmostachya bipinnata 0 
Mentha sp 16 Cyperus sp 0 Alhagi mourorum 0 Echinochloa crus-galli 0 
Arundo donax 12 Dalbergia sissoo 0 Arundo donax 0 Eleusine indica 0 
Eclipta prostrata 12 Eclipta prostrata 0 Calotropis procera 0 Equisetum arvense 0 
Lythyrus aphaca 12 Equisetum arvense 0 Conyza camadasis 0 Equisetum sp 0 
Ranuncalus muricatus 12 Equisetum sp 0 Cyprus rotendus 0 Fimbristylis dichotoma 0 
Dalbergia sissoo 8 Eriocloa colona 0 Dalbergia sissoo 0 Fimbristylis hispidula 0 
Oxystlma esculentum 8 Fimbristylis bisumbellata 0 Desmostachya bipinnata 0 Grangia madraspatana 0 
Zizyphus mauritiana 4 Fimbristylis dichotoma 0 Echinochloa crus-galli 0 Herpestis monniera 0 
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Appendix 13: Species Rarefaction of the Pre and Post-monsoon Seasons of the 
  Study Areas 
Knot T Pre M T Post M KS Pre M KS Post M Knot T Pre M T Post M KS Pre M KS Post M 
1 1 1 1 1 2251 29.93 20 22 16 
51 13.82 13.56 13.96 9.87 2301 29.94 20 22 16 
101 18.04 16.01 16.89 11.87 2351 29.94 20 22 16 
151 20.59 17.23 18.42 13.04 2401 29.95 20 22 16 
201 22.35 17.99 19.36 13.81 2451 29.95 20 22 16 
251 23.65 18.5 19.98 14.35 2501 29.96 20 22 0 
301 24.66 18.87 20.42 14.75 2551 29.96 20 22 0 
351 25.45 19.13 20.74 15.04 2601 29.97 20 22 0 
401 26.1 19.32 20.98 15.27 2651 29.97 20 22 0 
451 26.63 19.47 21.16 15.44 2701 29.97 20 22 0 
501 27.07 19.58 21.31 15.57 2751 29.98 20 22 0 
551 27.44 19.66 21.43 15.67 2801 29.98 20 22 0 
601 27.76 19.73 21.52 15.75 2851 29.98 20 22 0 
651 28.03 19.78 21.6 15.81 2901 29.98 20 22 0 
701 28.26 19.82 21.67 15.86 2951 29.99 20 22 0 
751 28.46 19.85 21.72 15.89 3001 29.99 20 22 0 
801 28.63 19.87 21.77 15.92 3051 29.99 20 22 0 
851 28.79 19.9 21.8 15.94 3101 29.99 20 22 0 
901 28.92 19.91 21.84 15.96 3151 29.99 20 22 0 
951 29.03 19.93 21.86 15.97 3201 29.99 20 22 0 
1001 29.14 19.94 21.88 15.98 3251 29.99 20 22 0 
1051 29.23 19.95 21.9 15.98 3301 30 20 22 0 
1101 29.31 19.96 21.92 15.99 3351 30 0 22 0 
1151 29.38 19.97 21.93 15.99 3401 30 0 22 0 
1201 29.44 19.97 21.94 16 3451 30 0 22 0 
1251 29.5 19.98 21.95 16 3501 30 0 22 0 
1301 29.54 19.98 21.96 16 3551 30 0 22 0 
1351 29.59 19.98 21.97 16 3601 30 0 22 0 
1401 29.63 19.99 21.97 16 3651 30 0 22 0 
1451 29.66 19.99 21.98 16 3701 30 0 22 0 
1501 29.7 19.99 21.98 16 3751 30 0 22 0 
1551 29.72 19.99 21.99 16 3801 30 0 22 0 
1601 29.75 19.99 21.99 16 3851 30 0 22 0 
1651 29.77 20 21.99 16 3901 30 0 22 0 
1701 29.8 20 21.99 16 3951 30 0 22 0 
1751 29.81 20 21.99 16 4001 30 0 0 0 
1801 29.83 20 22 16 4051 30 0 0 0 
1851 29.85 20 22 16 4101 30 0 0 0 
1901 29.86 20 22 16 4151 30 0 0 0 
1951 29.87 20 22 16 4201 30 0 0 0 
2001 29.89 20 22 16 4251 30 0 0 0 
2051 29.9 20 22 16 4301 30 0 0 0 
2101 29.91 20 22 16 4351 30 0 0 0 
2151 29.92 20 22 16 4401 30 0 0 0 
2201 29.92 20 22 16 4451 30 0 0 0 
T Pre M = Taunsa Pre-Monsoon, T Post M = Taunsa Post-Monsoon, KS Pre M = 
Keti Shah Pre-Monsoon, KS Post M = Keti Shah Post-Monsoon
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Appendix 14: SHE Analysis of the Pre and Post-monsoon Seasons of the  
  Taunsa Wildlife Sanctuary 
 
N S LnS H LnE LnE/LnS 
4476 30 3.4 2.42 -0.98 -0.29 
7824 36 3.58 2.64 -0.94 -0.26 
 
 
Appendix 15: SHE Analysis of the Pre and Post-monsoon Seasons of the Keti  
  Shah Forest 
 
N S LnS H LnE LnE/LnS 
3975 22 3.09 2.51 -0.58 -0.19 
6435 29 3.37 2.71 -0.66 -0.2 
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Appendix 16: Families Data of the Pre and Post-Flood of the Study Areas 
Family Taunsa Pre-Flood Taunsa Post Flood Ketishah Pre-Flood Ketishah Post Flood 
Aizoaceae 2       
Amaranthaceae 3       
Apiaceae 1       
Arecaceae 1       
Asclepiadaceae 3 2   1 
Asteraceae 10 4 5 4 
Boraginaceae 1       
Capparidaceae 2       
Caryophyllaceae 1       
Chenopodiaceae 5   1   
Cucubertiaceae 1       
Cuscutaceae 1       
Cyperaceae 12 2 2 2 
Elatinaceae     1   
Equisetaceae 2 2     
Euphorbiaceae 1   2   
Fabaceae 13 4 7 4 
Fumariaceae 1       
Labiatae 1       
Lamiaceae 1 1     
Malvaceae 2       
Marsileaceae 1       
Meliaceae     1   
Mimosaceae 5 1 4 2 
Moraceae 3       
Myrtaceae     1   
Nyctaginaceae 1       
Oxalidaceae 1       
Papilionaceae 1 1 1   
Poaceae 20 6 3 3 
Polygonaceae 3 1     
Portulacaceae 1       
Potamogetonaceae 2       
Rananculaceae 1 1 1 1 
Rhamnaceae 1 1 1   
Rosaceae     1   
Saliaceae 1 1 1 1 
Solanaceae 5       
Tamaricaceae 1 1 1 2 
Typhaceae 2 1 1 1 
Urticaceae 1       
Verbenaceae 1 1 1 1 
Zygophylaceae 2       
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Appendix 17: Families Present and Absent in the Pre and Post-Flood Data of  
  the Study Areas 
Family 
Taunsa Pre 
Flood 
Taunsa Post 
Flood 
Ketishah Pre 
Flood 
Ketishah Post 
Flood 
Aizoaceae + -     
Amaranthaceae + -     
Apiaceae + -     
Arecaceae + -     
Asclepiadaceae + + - + 
Boraginaceae + -     
Capparidaceae + -     
Caryophyllaceae + -     
Chenopodiaceae + - + - 
Cucubertiaceae + -     
Cuscutaceae + -     
Elatinaceae     + - 
Euphorbiaceae + - + - 
Fumariaceae + -     
Labiatae + -     
Malvaceae + -     
Marsileaceae + -     
Meliaceae     + - 
Moraceae + -     
Myrtaceae     + - 
Nyctaginaceae + -     
Oxalidaceae + -     
Papilionaceae + + + - 
Polygonaceae + +     
Portulacaceae + -     
Potamogetonaceae + -     
Rhamnaceae + + + - 
Solanaceae + -     
Urticaceae + -     
Zygophylaceae + -     
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Appendix 18: Simpson's Index of Plant Biodiversity of the Pre and Post-Flood 
  Seasons of the Study Area 
 
Index 
Taunsa Pre-
Flood 
Taunsa Post 
Flood 
Ketishah Pre-
Flood 
Ketishah Post 
Flood 
Simpsons Diversity 
(D) 
0.063 0.069 0.071 0.078 
Simpsons Diversity 
(1/D) 
15.855 14.5 14.167 12.833 
 
 
Appendix 19: Margalef's Index of Plant Biodiversity of the Pre and Post- 
  Flood Seasons of the Study Area 
 
Index 
Taunsa Pre-
Flood 
Taunsa Post 
Flood 
Ketishah Pre-
Flood 
Ketishah Post 
Flood 
Margaleff M Base 
2.718 
8.82 12.349 11.813 13.588 
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Appendix 20: SHE Analysis of the Pre and Post-Flood Seasons of the Taunsa  
  Wildlife Sanctuary 
 
N S LnS H LnE LnE/LnS 
117 39 3.66 3.11 -0.55 -0.15 
147 39 3.66 3.09 -0.57 -0.16 
 
 
 
Appendix 21: SHE Analysis of the Pre and Post-Flood Seasons of the Keti  
  Shah Forest 
 
N S LnS H LnE LnE/LnS 
35 18 2.89 2.6 -0.29 -0.1 
57 19 2.94 2.58 -0.36 -0.12 
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Appendix 22: Species Rank Abundance Data of the Pre and Post-Flood  
  Seasons of the Study Areas 
Taunsa Pre-Flood Taunsa Post Flood Ketishah Pre-Flood Ketishah Post Flood 
Poaceae 20 Poaceae 6 Fabaceae 7 Asteraceae 4 
Fabaceae 13 Asteraceae 4 Asteraceae 5 Fabaceae 4 
Cyperaceae 12 Fabaceae 4 Mimosaceae 4 Poaceae 3 
Asteraceae 10 Asclepiadaceae 2 Poaceae 3 Cyperaceae 2 
Chenopodiaceae 5 Cyperaceae 2 Cyperaceae 2 Mimosaceae 2 
Mimosaceae 5 Equisetaceae 2 Euphorbiaceae 2 Tamaricaceae 2 
Solanaceae 5 Lamiaceae 1 Chenopodiaceae 1 Asclepiadaceae 1 
Amaranthaceae 3 Mimosaceae 1 Elatinaceae 1 Rananculaceae 1 
Asclepiadaceae 3 Papilionaceae 1 Meliaceae 1 Saliaceae 1 
Moraceae 3 Polygonaceae 1 Myrtaceae 1 Typhaceae 1 
Polygonaceae 3 Rananculaceae 1 Papilionaceae 1 Verbenaceae 1 
Aizoaceae 2 Rhamnaceae 1 Rananculaceae 1 Aizoaceae 0 
Capparidaceae 2 Saliaceae 1 Rhamnaceae 1 Amaranthaceae 0 
Equisetaceae 2 Tamaricaceae 1 Rosaceae 1 Apiaceae 0 
Malvaceae 2 Typhaceae 1 Saliaceae 1 Arecaceae 0 
Potamogetonaceae 2 Verbenaceae 1 Tamaricaceae 1 Boraginaceae 0 
Typhaceae 2 Aizoaceae 0 Typhaceae 1 Capparidaceae 0 
Zygophylaceae 2 Amaranthaceae 0 Verbenaceae 1 Caryophyllaceae 0 
Apiaceae 1 Apiaceae 0 Aizoaceae 0 Chenopodiaceae 0 
Arecaceae 1 Arecaceae 0 Amaranthaceae 0 Cucubertiaceae 0 
Boraginaceae 1 Boraginaceae 0 Apiaceae 0 Cuscutaceae 0 
Caryophyllaceae 1 Capparidaceae 0 Arecaceae 0 Elatinaceae 0 
Cucubertiaceae 1 Caryophyllaceae 0 Asclepiadaceae 0 Equisetaceae 0 
Cuscutaceae 1 Chenopodiaceae 0 Boraginaceae 0 Euphorbiaceae 0 
Euphorbiaceae 1 Cucubertiaceae 0 Capparidaceae 0 Fumariaceae 0 
Fumariaceae 1 Cuscutaceae 0 Caryophyllaceae 0 Labiatae 0 
Labiatae 1 Elatinaceae 0 Cucubertiaceae 0 Lamiaceae 0 
Lamiaceae 1 Euphorbiaceae 0 Cuscutaceae 0 Malvaceae 0 
Marsileaceae 1 Fumariaceae 0 Equisetaceae 0 Marsileaceae 0 
Nyctaginaceae 1 Labiatae 0 Fumariaceae 0 Meliaceae 0 
Oxalidaceae 1 Malvaceae 0 Labiatae 0 Moraceae 0 
Papilionaceae 1 Marsileaceae 0 Lamiaceae 0 Myrtaceae 0 
Portulacaceae 1 Meliaceae 0 Malvaceae 0 Nyctaginaceae 0 
Rananculaceae 1 Moraceae 0 Marsileaceae 0 Oxalidaceae 0 
Rhamnaceae 1 Myrtaceae 0 Moraceae 0 Papilionaceae 0 
Saliaceae 1 Nyctaginaceae 0 Nyctaginaceae 0 Polygonaceae 0 
Tamaricaceae 1 Oxalidaceae 0 Oxalidaceae 0 Portulacaceae 0 
Urticaceae 1 Portulacaceae 0 Polygonaceae 0 Potamogetonaceae 0 
Verbenaceae 1 Potamogetonaceae 0 Portulacaceae 0 Rhamnaceae 0 
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Appendix 23: Species Rarefaction of the Pre and Post-Flood Seasons of the Study Areas 
Knot Taunsa Pre-Flood Taunsa Post Flood Ketishah Pre-Flood Ketishah Post Flood 
1 1 1 1 1 
11 8.44 8.16 8.15 7.59 
21 13.49 12.74 12.81 10.77 
31 17.52 0 16.61 0 
41 20.99 0 0 0 
51 24.07 0 0 0 
61 26.87 0 0 0 
71 29.42 0 0 0 
81 31.77 0 0 0 
91 33.96 0 0 0 
101 36 0 0 0 
111 37.91 0 0 0 
 
